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ABSTRACT ^ . 

This final report discusses research and literature 
analyses concerned with the attentional mechanisms in children's 
learning and analysis of cognitive changes from ages 5 to 7. The 
long-term objective of ^the project was to relate knowledge about 
children's attention and learning to issues of educational practice. 
The project focused its efforts on conceptual problems involved in 
formulating the interrelationships among performance, competence, anff^. 
developmental factors. Major conclusions were (1) There is empirical 
support for -the common emphasis on ma turational factors or readiness, 
(2) Readiness involves performance > as well as perceptual and 
cognitive factors, as in the traditional conception of the importance 
of attention span, (3) A relationship exists between children's age 
and ability to solve problems; de/spite noise i'n the problem field, (4) 
The complexity of the problem is another important variable on the 
effects of noise in the probleip fields and (5) The interrelationships 
among attention,. cognition, and age can probably be subsumed in 
Pascual-Leone ■ s mathematical formalizations of Piaget's theory if 
several modifications are made. (DP) 1 ^ 
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Summary and Conclusions 



Research and literature analysis was undertaken to explore the 
interrelationships among learning, attention, and cognitive change in 
the 5-7 age range* Project work included: (l) Literature analysis of 
the body of Piagetian reports of cognitive change at the time of con- 
crete operations; (2) Cross-sectional studies of the coincidence of vari- 
ous behavior changes in i\nerican schoolchildren as they move from the pre- 
school to the early school years; (3) Studies of these sajne changes as 
they appear in African children living in urban schooled and rural un- 
schooled environments; (^) Studies of these same changes as they appeared 
in a sample of first graders placed in a transition first grade class for 
"immature^' children; (5) Studies of the developmental correlation between 
neurological indices and measures of Piagetdan conservation; (6) Psycho- 
physiological studies concerned with the hypothesis of a human problem- 
solving state emerging in development; (7) Studies of the interaction be- 
tween noise-processing and problem-processing in children's learning; and 
(8) Experimentation and analysis concerned with the interaction between 
performance and competence factors in contributing to children's per- 
formance in experimental and testing games. 

The body of vorlc was designed in an effort to try to get a better 
overall picture of what appear to be some complex conceptual problems in 
formulating the kinds of interrelations that must exist between performance, 
competence, and developmental factors. 

Major conclusions deriving from the work may be stated as follows: 

(1) One basis for the observed widespread pattern of changes in chil- 
dren in the 5-7 age range must be maturational. There is empirical, sub- 
stantiation supporting traditional notions of a developmental 'Veadineps" 
for schooling* 

(2) It is unlikely, however, that this readiness should be taken 
solely as a perceptual or cognitive kind of readiness. An important issue 
is readiness in terms of p^rfcnnance factors. A central performance issue 
is the question of the ability of the children to elaborate and sustain 

a program of behavior over tir.e. This question is, probably, the kernel 
question in traditional notions about the importance of children's atten- 
tion span. 

v; 

(3) For a given problem, there is probably a tradeoff i*elationship 
betwee^n age of children's solving and amount of noise in the problem-field. 
The more the noise, the older the child has to be. 



..(H) For a given age, there is probably a tradeoff relationship 
between araoiint of noise in the problen--f ield and the complexity of prob- 
lem that can be handled. The more complex the problem, the less the 
amount of noise thab can be tolerated. 

,5) -be interrelationships among attention, cognition, and age 
aged in the course of this effort can probably all be subs\:imed in 
Pascual-Leone 's recent formalization of Piagetian theory if: (l) his 
"M-space" and "schemes" are placed in a temporal rather than\an abstract 
framework; and (2) it i^ assumed that noise-processing and problem-pro- 
cessing compete Yor the child's finite amount of M-space» 
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Attentional P rocesses in Children's Learning 



Final Report 



The project here being reported was ..directed at the relationships 
between children's attentional .processes and their learnings The im- 
mediate goal of the project was to seek better understanding of the way . 
in which attentional processes enter into and influence children's learn- 
ing. The longer -term goal of the project was to try to understand atten- 
tional factors as they influence learning and cognitive development in 
the early years of schooling. It was and is our assumption that very 
significant problems of the arts of teaching, curriculum development, and 
classroom manvagement reflect questions of how children- attend. There are 
age differences in the vray children manage their attention. At any:, age, 
there are large individual differences. , Schools have to deal with age 
differences, and individual differeiiet^ and one can estimate that they do 
so with explicit care and concern. It was felt that an attempt to under- ^ 
stand attentional mechanisms and their relation to cognition .would in- 
evitably lead to a probing of educational issues. By attention we refer 
to autonomous , self-guided mechanisms of cue selection by the child. We 
assume that any child at any moment resides in a very large set of poten- 
tial 'stimuli' or potential 'information' and that much of the determina- 
tion of ;what is seen or used depends .upon his -choosing. By attention we 
refer to the individual's selection of available information in the en- 
vironment andy as will be seen, nontechnical discussions of attention 
usually refer not to a mcraentaiy act of filtering or selection but to a 
temporally, organized pattern of cue usage. By learning , we refer to the 
developm.ent of an organized ^system of behavior, or a- successive series of 
organized systems, in a milieu that demands a system of . behavior to fit; 
specified constraints. This system of bahavior is created by orga'iiza- 
tional processes that are fundamentally designed to be adaptive. Ine 
system of behavior includes a response to the cognitive demands of the 
situa'^'.ion. . . the formal demands imposed by either the experimental or the 
school learning milieus .. .but what we here speak of as li^arnirig and/or 
adaptation implies the regulation of behavior according to not simply the 
cognitive constraints of the situation but those imposed by social and 
mood-tension factors as well (V/l-iite and Fishbein, 1972). 

In a general sense, it has always been understood that the way in 
which children orient and pay attention; has a great deal to do with their 
succesr? or failure in learning. This has been recognized in a number of 
ways in the literature on experimental studies of children's learning 
(White, 1963; Stevenson, 1970, 1972). However, as yet, only certain 
selected aspects of children's attention and orienting have been isolated 
in either experimental or theoretical analysis. In the more natural milieu 
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of the school, the issue of how, where, and for how long a child attends 
has been repeatedly recognized as crucial to his ability^ to cope with the 
classroomv Children shov significant individual differences in direction 
and duration of attention. The design and management of classroom pro- 
cedure must somehow manage to encompass these individual differences. 
Furthermore, there appear to be significant developmental changes character 
istic of all children, ^particularly in the early years of schooling. Chil- 
dren appear to be able to exhibit more sustained and more strategic pat- 
terns^of-attention as they become older. Conceivably, if we understood 
the mechanisms at work in the organization of children's attention, we 
would be in better position to organize classroom environments that would 
accommodate to age differences and individual dif f ei^ences. 

The project was concentrated on twq topics that were seen as con- 
vergent: (l) attentional mechanisms in children's learning, and (2) the 
analysis of cognitive changes in the 5-7 age range. These two research 
lines were partly independent, in that each line required its pwn ap- 
propriate techniques of .study, and each required consideration of distinct 
sets of issues. But both could be seen as directed towards a productive 
intersection. 

c 

The age range between 5-T years seems particularly significr.nt fv'^r 
the exploration of those factors in children's learning that govern 
educability. It is in this age range that children typically enter formal 
schooling and one may suspect that something characterized as "readiness" 
may be involved developmentally . Turning to the reseavch. literature we 
find that experimental studies of children's learning have repeatedly 
identified this time of development as a point of distinct change in the 
child's capabilities (White, 1965). At least seme of the changes reported 
in children's learni^ig at this time seem to reflect changing capabilities 
for dealing with the variety of stimuli in learning experiments — i.e., 
to reflect changes in children's attention (Kendler and Kendler, 1962; 
\N^ite, 1966). Given indications that there are significant changes in 
learning in this age range, somehow coincident with the readiness for 
education and somehow coincident with changes in the child's attending, 
it seemed reasonable to try to confront the complex of related issues in 
one project . 

The Relationship Between Learning and Development: Pretheoretical Issues 

The work of the project consisted in a series of empirical studies, 
literature reviews, and theoretical essays. The most accurate way to 
describe the thrust of* the project would be to characterize it as a- series 
of subprojects directed "prG-thepretical," in the sense in which the notion 
of "pretheory" has been discussed in the^writings of Howard Kendler. A 
considerable amount of empirical investigation was undertaken. The various 
studies of children undertaken during the course of the project, the 
studies to be discussed belov, involved well over 2000 children. But an 
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important part of this research consisted of exploratory investigations, 
and. the kinds of studies vmdertaken, as well as the reasoning behind the 
studies, changed from year to year during the project. Similarly,' the 
:::?^veral literature reviews were undertstken not as ends dn them-.elves but 
a& attempts, to explore or clarify particular issues arising in the con- 
tinuing pretheoretical analysis. 

A pretheory is an assumptional structure. A well-known pretheory is 
something often called "the learning theory point of view." For several 
decades, psychological discourse about learning was dominated by various 
learning theories and data organized around the learning theories. The 
learning theories were- a matter of much concern to the psychologists of 
the 1930 *s and 19^0 *s and much tir.e and ' ef "Toi^-t was expended in theoretical 
or experimental efforts -^^o determine whether Tolman or Hull or Skinner was 
on the right track. .Interest in the learning theories has waned by now, 
although they are still written about and a newer, somewhat, more elegant 
and somewhat, more modest, incarnation of the learning theory movement still 
lives in the form of the mathematical learning theories (Hiln;ard and 
Bower, I966). With the passage of time, the learning theories have come 
into disfavor, and it has become .di^rtinctly fashionable nowadays to pro- 
duce denunciations of learning theory, behaviorism, or stimulus-response 
analysis. However, a great 'deal of our discussion of learning and educa- 
tion implicitly adheres to the essence of ^the learning theories even today. 
There was an assumptional structure developed before the several specific 
theories of learning, that was common to all of them, and that today still 
exists in psychological discussions of learning for want of a better one. 
We can call this the "learning theory point o.f view," and we can estimate 
that it includes assumptions such as the following: 

1. The environment may be unatnbiguously characterized in terms of 
stimiili. \ . , . 

2. Behavior may be unambiguously characterized in terms of responses.' 

3. " A class of stimuli exist which, applied contingently and im- 
mediately following a response, increase it or decrease it in some measur- 
able fashion. These stirniili may be treated as reinforcers. 

h. Learning may be completeljr characterized in terms of various 
possible couplings among, stimiili • responses, and reinforcers. 

■5. Unless there is definite evidence to the contrary, classes of 
behavior may be assumed to be learned, manipulable by the environment, ex- 
tinguishable , and trainable (W.iteT 19T0a.) . 

This set of assumptions, or "some set very much like them, forms t*ne 
traditional nexus for discussions of learning and is still very much pre- 
dominant in cur contemporary discussions. There are alternative pre- 
theoretical systems extant- in psychological" discussions today, but ^^^hese 



•pretheoretic'al syr. -;eins have not been developed in such a way as to- 
produce a formed, articulated statement about learning* The Piagetian 
genetic epistemology clearly offers rival propositional elements, the 

.American inf qmation--processing approach others, a.id European ethology 

still others.- That these systems have implications, for learning radically 
different from those of the learning theory point ofrvi-ev is quite clear. 
and, indeed, it is the awareness of such implications' and their plausibility 
that now causae many to argue that the older views must be jettisoned. But, 
as yet, only scattered and diverse propositional elements have been ad- 
vanced, not a system of them to- form a pretheory. One recent sketch of an 
assuinptional system consistent with present-day data (^-/hite and Fishbein, 
1972) was completed after the close of project efforts, but is a direct 
outgrowth 'of the work undertaken in it.. 

The peculiar salience of research on attention for the understanding ■ 
of learning cones about because of ' the peculiar importance of the pre- 
theoretical issues/ One of the strategic weaknesses of the "learning 
theory p^^int of view" was always, precisely, its theoretical blindness ■ 
to issues involving attention. The term 'attention* was almost dropped 
from usage in American- psychology after 1920, reviving only, after the 
cognitivism of the middle 1950' s began to come in. The learning theories 
rested their analysis on the premiso that learning revplved around the 
observable stimulus, in the environment, manipulable and observable by 
the experimenter » As a consequence of this position, the traditional 
analyses of learning were in very short or'der "haunted" by irreconciliable 
issues reflecting the represr.?d issue of attention. 

Highly active and elaborated theoretical controversies were de- 
veloped, but the considerable literature of crucial experiments about 
such controversies neyer got anywhere because the controversies (place 
vs. response learning, continuity vs. noncontinuity of learning) all. 
rested on rivalrous and unarticulated premises about the attention or 
orientation of the. learner (Osgood, 1953).. Attentional effects noted in 
various experiments were all relegated to etcetera analysis in the dis- 
cussion sections of research papers, usually to be there explained by 
the invocation of 'some special "set" factor. 'Filially, there came to be 
appeals that the word "set" be abolished in the usage of experimental 
psychology, because :' o clearly was bacoming^the "wastebasket"\ of learning 
research, the place where one put everything unexplained. | 

One might expect, because of this history, that the corisilderation 
of attentional processes and mechanisms- would go a long distarfce toward,s 
clarifying issues obscure in our* previous understanding of learning. 
However, one would also have to expect that an understanding of learning 
resting on a consideration of attentional factors cannot be\achieved in 
the context of the "learning theory point of view," or by any ■^simple: 
modification of it. We need to consider attention in relation to learning, 
but we will need to think. about learning in rather , different ways in order 
to do So.; , / 

. "• ■ / 



Ml of' thi^ may seem son;evhat rarefied in the context of a need to 
consider educational issues, very much a part of technical psychology 
and the rather specialized games of theory construction. But large 
parts, of our . semi -technical.. or everyday di s c our s e about le arn ing are 
dif fusion s from fie technical literature. Textbooks of psychology, 
educational psychology, child psychology, have regularly delivered the 
fruits of the technic 1 considerations in more simplified language. And, 
in turn> the discour' e about learning in ordinary English holds to con- 
sistency with old ajsociationistic assumptions that our work oh learning 
only nbv begins to throw over. One finds, in the language still, the , as- 
• sumption that learning is additive, bringing increments of knowledge or 
. behavior to the learner. One finds the assumptions of the distinctness 
of perception and learning on the one hand, the distinctness of motiva- 
tio;a and learning on the other. ^ All this has important implications for 
the way the teacher or the curriculum developer confronts his task. And, 
as well, it has significant implications for program planning and policy 
considerations with respect to education. . .what we imagine a new educa- 
tional program can or should be expected to achieve, whiat we imagine an 
evaluation of an educationaJ. program should evaluate 

The ^>roJect was an attempt to understand the nature of children's 
learning more adequately, and it pursued questions of how attention re- 
lates' to children's learning in order to draw forth such understanding. • 
Having set forth these pretheoretical aims, it seems worthwhile for a | 
moment to consider the analysis of developmental changes in the 5-7 ag^ 
range, in relation to it. 

There is much evidence of change in children between 5-7. years, 
diversified evidence that will be considered in some detail subsequently. 
Considering all such evidence' it is still possible today to take what 
might be regarded. as a "strong'^ or "vreak" position with regard to the 
observed changes in children in this age range. The "strong" position 
would be that all of the evidence betokens a stage change in the develop- 
ment of children at this time, aLsecond adolescence,, a reorganization of 
the child's capabilities for thought, perception, socialization, and 
emotion that Is so indigeviously profound in the child that any society 
containing children would- have to adjust to it. The "weak" position 
would, be thatall of the stagelike attributes of this age range are il- 
lusory or may be dismissed in one. way or another. There are diversified 
changes in the child in the 5-7 age range, but we tend to exaggerate the 
^importance of thie time simply because the value of a search for, and 
comparison of, the diverse literatures of childhood change and develop- 
ment in this age range comes primarily because we have an unusually large 
and diversified body of da\,a about the development of children at this 
time (in contrast , say , with our literatures on human development froi.i 
1-3 years of ag^e, or adolescence, or middle adulthood). The strong posi- 
' tion. would, hold that we have in the 5-7 period a time of pronounced chang 
in^ the character of the child. Among the .implications of a strong posi- 
tion would be ^' generally , the argximent that this -time of life might very 
veil offer the boundary points ,f[or critical or optimal periods in 



development. Freud tended to advance such a view about this time, 
arguing that the infantile sexual stages of human development befbre six 
fix once and for all the basic personality and character of the individual. 
Speaking more specifically towards educational concerns, Maria Montessori 
earlier and Benjamin Bloom more recently have set forth arguments that are 
iniplicitly a stronj view of developmental chanf^e at this time. Montessori 
argued that the child's thought and experience have a distinct character 
before five. The child thinks and knows and feels the world in ways that 
are lost later and so lost learning in the early years is irrevocable. 
Bloom's (196U) thesl3 that human Iq stabilizes in the early years of life 
is veil known because it is so often referred to in discussions of Head 
Start. From Montessori we -get one view of the meaning of preschool, from . 
Bloom another, but from their strong positions about change in human de- 
velopment at this time we get the characteristically strong educational 
recommendation that special kinds of preschool experiences may, be necessary 
in the development of children. 

At- the outset of work on this project, the approach taken^ to the 
5-7 material was thp.t analysis, in this ace range would provide a broad 
and proper context for the data of change in learning in this age range. 
Experimental studies of learning had repeatedly demonstrated suggestions 
of- transitions or sfnifts in performance in this age range, but extended 
experimental analysis amounting to a literature of hundreds of studies 
had failed to gain any ground in interpreting or explaining the shifts. 
In particular , studies of the best-known phenomena of change at this time, 
change in the transposition experiment and change in the reversal shift 
nonreversal shift procedures, had been exhaustively jpiar sued wit\out con- 
clusively settling the opposition between the two dominant theoretical - 
conceptions offered to ieal with them — one a me^ational hypothesis 
(Kuenne, 19^6; Peese, 1962; Kendler and Kendler/^962) and the other an 
attentional hypothesis (Zeaman and Hou5e^^4r9^57. One way out of the 
stalemate might be through engaging in some constructive "detour" be- 
havior. Go outside the empirical boundaries and theoretical boundaries 
within which the dispute had been contained; look at data other than 
those of the generalized discrimination learning procedures and look at 
hypotheses of transition other than the theoretical conceptions keyed to 
"the discrimination learning data. From data and conceptions so arrived 
at one might understand more adequately how one should construe the ex- 
perimental data of change in learning at this time. 

The prolonged analysis undertaken during the course of this project 
made this entering conception of the problem less and less satisfactory. 
A kind of "figure-ground" relationship is implied by the approach. The 
changes in the experimental learning procedures are taken as primary, 
as "figure," and the variety of other material about the age range is 
taken as the basis of a context or "ground." If one Juxtaposes all the 
variegated phenomena of change in this age range, and all the hypotheses, 
one gr&dually comes to believe that this is^'a kind of cart-before-the-horse 
approach. "The experimental learning .'.data are local, particularized, some- 
what ambiguous, reports of change arising out of children's reactions in 
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^ an Artificial and stylized situation. They. have the advantages of being * 
■ "Te'Xatively precise, relatively replicable, phenomena but these are by no 
means unique advantages among the phenomena of change at this time, V/hat 
more and more rises out as "figure" when one looks at the body of data is 
the very question of the meaning of~ the body of dataHas a' vhple. Should 
one take a "strong" position, or a "weak" position, or any one of several 
intermediary positions, about the meaning of this body of data? Children 

.make a major entry into society' at this time, coming into schooling in the 
developed nations, coming into a more adult status in other ways in less 
developed cultures. What is the basis in human development for this? 
There~pre a variety of known' or suspected ::nanges in the physiological 
characteristics of the child at this time.. To what extent do such changes 
form the nexus fdr the variety of cognicive stage changes proposed at 
this time? To what extent do they.clarify questions of the issue of 
readiness? In short, it seemed more and more reasonable as time went on 
to relegate the learning phenomena: to. the status of constituting just one 
of the variety of ^deflections , shifts, alterations that seem to exist in 

■abundance in the variety of '.developmental literature at this time. At 
the center of consideration- comes consideration of changes in the child's 
cognitive and soc development, questions of the nature and meaning, of. 
their biological b^sis , questions of the nature of changing social ex- ^ 
pe^ctations about children at this time and t^heir influence on the observed " 
phenomena of change) , , 

/ Despite this kind of shift away from arji emphasis on the technical 
data of learning, the most reasonable organization, of the larger approach 
stiH implies a hei^vy\ emphasis on the analysis of learning. . .now not ques- ■ 
tions\of how. various q^d phenomena of learning experiments occur, but in- 
stead questions of the nature and development of those abilities considered 
as representative of the ability to learn in the context of the school. 
The "readiness" implicit in. the entry of children isjito schooling is almost 
surely not a matter of intellectual readine'ss, information-processing 
skills, or cognitive structuration. One o^ the distinctly open questions 
right now in developmental theory, is the question of ^how -much of the cog- . 
nitive gains manifest during Piaget's period of concrete operations repre- 
sent new entities distinct from and unprecedented in the cognitive abili- 
ties of the child before this time. 

It ^ appears likely that \ an important part of "readiness" in the 5-7 
age. range represents what ni^ght be called a readiness for -perf ormance 
as well as a readiness in tei^y of competence . This may be true in the 
formal arrangements.^ of the psychological experiment as well as the formal 
arrangements of the classroom^of .the first grade. Readiness in terms of 
performance woiild apply some of the following factors: the ability to 
manifest emotional and motor restraint, the ability to under stai^th-^i plan 
of. behavior offered by others and to act on it, the ability to sustam^a 
plan of behavior over time, the\ ability to understand and operate within 
r\ile and game systems, etc. Suih factors seem significant in children's 
performance during psychological! experiments (^fliite, 1970b); they will 
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determine Judgments as to vHetlrer the child "has** various cognitive com- 
petences. It is extremely likely that such, factors are significant in 
the child's performance in the classroom. In the context of the class- 
roo^n, such factors vill often be noted as questions of the ch\'ld*s 
"motivation" or "attention span/* although it is quite lively that at 
times they will form a significant part of Judgments about the c'hild's 
basic ability or intelligence, ^ 

The J)otential value of a broad-scale review of developmental changes 
in the 5"T age range is the possibility of some clarification of the meta- 
cognitive irsues surrounding the child^s adequacy in school leiarning. It 
should be noted bhat this value holds true whether one takes a "strong" 
or "weak" position about, the data of change ?n this age range, that is, 
wheth^'er* one sees a dramatic stage change'^ at this time or Vhetheij one views 
this as^ a nonspecial period of child development. * .1 .- , ^ 

In summary, the following statements might best characterize the 
purposes of the project:. ' . / ' 

/ ■ . ■ " ' 

1. It was directed at an^analysis of attentiorial processes as they 

influence children's learning. 

' 2. It was most fundamentally pretheoretical , seeking to provide a 
reasonable basis for the understanding of children's learning to supplant 
the ** learning theory point of view," accepting as its premise that ques- 
tions of attention form one of the 'clearest avid most significant set of 
issues for ^ more adequate- view of learning. 

3. Although the project^ dealt with basic issues and thus (on d 
customary tut probably false ^imensionalization) turned "towards" meta- 
theoretical issues-and "away from" direct questions of education per se, 
this kind of approach was felt \o be essential in seeking. a modern view/ 
of learning that would fit educational realities and educational ques- 
tions about learning. That this Vould be pr(S^uctive was a matter of 
conviction at the outset of the pr\)ject, but as the project was und,^ way 
the work showed a clear and seemingly interesting movement towards ediica- 
tional settings .and eiucational questions. 

' ■ , 

k. The work of the project was made up of a flexible series of 
studies, literature reviews, and theoretical analyses. 

5. There were two central 't:hemes around which the effort was 
directed. One theme was the study and analysis of the influence of 
sustained attentional patterns during studies of children's learning. The 
other was the exploration of developmental changes in children between 5-7 
years of age. These discrete ii.vestigat ions were ifitended to reinforce 
one another and to a significant extent this expectation seemed to be ful-- 
filled during the course of the project. 
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Work of the Project 

The fundajnental orientation tovards questions of attention in learn- 
ing vas and is^ given by the overarching analysis of the general field of 
developmental changes in the 5-7 Pge range. Our discussion will consider 
the steps taken in this body of work because the considerations involved 
In this analysis dictated a considerable amount of our approach towar^ds 
direct research on attention in learning. 

Work done prior to the project had established c-ertain possibilities 
about change in children's development in the 5-7 age range and it had 
also brought to the forefront certain questions about the nature and 
meaning of the changes. Generally, goiiig^ into the project, prior research 
and analysis had established the following about'* this time of development: 

(1) Experimental studies of children's learning had-repeatedly shown 
certain qualitative changes in children's performance on so-called trans- 
position and reversal-nonreversal shift experiments. For reasons that may 
or may not be peculiar to the history of stimulus-response theory, these 
changes had been widely regarded as significant and had led to significant ' 
research literature 'and theoretical argiaments* One reason for this great 
interest was that this was a twice-replicated ;tfansition in^phildhood 
ffofa animal*like to adult-like behavior on learning experijnents. Perhaps 
soAe significant "human factor" began operation at this time. The second .j;!; 
reason for the interest in these phenomena came because they could b^ in- 
terpreted as a product of a new 'mediational ' use of language by chiMren 
at this time. Since Favlov., it has been traditional in stimulus-resjf>ons^ 
theory to assume that the '"human factor" sharjply .discriminating animal I 
from human conditioning phenomstna is or is closely related to language. $^ 
Pavlov postulated that language constitutes a ^seconji signal system,' but' 
Americans have tended to speak of the inflXience of language as 'media- 
tional.' It appeared that between 5-7 years of age children shifted 
towards an adult-like pattern of learning and that thiai^/shift was at least 
correlated with new language usage that might be suspected of being 
mediational* ^ 

(2) However » other chcnges in learning experiments could be demon- 
strated that did not fit the language-mediation pattern. If cue variations 
are introduced into discrimination experiments, variations that make the 
natxire or the locus of the cues inconstant, children are significantly in- 
terfered with at about^5.but seem not to be bothered by about 7 (Walk and 
Saltz, 1965; VThite, 1966; Brown, 1969);i ' 

(3) F\irthermorev a more widespread search of the research literature 
concerned with this age range revealed Jpreliminaly findings of a sur- 
prisingly diverse body of change. not onjly in^ learning experiments but also 
in experiments having to do with perception, l^guage^reasoning, emotion, 
psychopathology, etc. Furthermore > faiply^ large-scale assuin^tions of what 
seemed to amount to a "stage" change in cliildren's thought ha3M>een of fered 



by Freud, ■ Yygotsky, and Piaget. • Vrtiile this body of data and theory 
generally ■ confirmed the learning theorists *. suspicion that something 
meirked -was happening to children at this time, there were significant 
bodies of data" that could not be subsumed under a hypothesis' about the' 
development of mediation. Something v-iore than, or perhaps^ other than, 
a ne\T usage of. language must be operative at this time. 

• (U) The pattern of the findings considered at that time suggested / 
four kind?: of ^ch'anges in children's 'thinkings Jh^e- four changes of- / 
fered in V/hite (1965) will be discussed below, in^rthe context of a re-/ 
vised discussion of the -"basic cognitive changiss at -that time. , 

•/■•./■ . '■ ♦ . •. ; . 

• ^^5) It .was suggested that the transitional findings- in the 5~T 

age /range betokeneci . the . existence of two. coexisting levels 'of thought in ^ 
huimn adults, a ^f irst "associative" level and. a second "cognitive*' level. 
Ip was argued that the firs-tj, level might be dominant an determining the 
learning and thought patterns of the young child until about five years 
of age. Between five and seven years of age, this first level would tend 
to be inhibited^ 'and a second level would tend to supercede it. 

(6) These levels of thought, in the adult might be expected to 
coexist/in a- "temporally stacked" arrangement, marked by differences in 
time, to access and complexity of analysis. Such an arrangement might be 
the basis 'of ijegres'sion phenomena occurring with disturbances of thow^ht. 
It igight also '.form a developmental basis for the "microgenetic" patterns 
of res|)onse' determination suggested in the literature of human thinking 
(Werner, 1957; Flavell and Draguns,' 1957). - 

The- set* of suppositions just described were derived from. a preliminary 
and limited analysis of the research ^material available. ' It seemed 
abundantly clear that psychological research to date has .explicitly , in 
the writings of majo\ theorists , and implicitly ^ in the existing patterns*, 
of - research data, suggested a rather . rich period of developmental change in 
the 5-7 age range. The project sought to pursue /certain major questions 
requiring amplification and clarification. ; 



This use of the terms 'associative* versus 'cognitive' to designate the 
' two .coexisting levels of human thought was unfortunate j even though the 
Vsame terminology'- has- made/ sense to .others*in -the literature (e.g., Jensen- 

(1969). The terminology/implies that associationistic principles explain 
■ .;the young* child' s- thought and learning, and it further implies' that the 

young child does. not think or reason. " It seems terminologically much 

better to distinguish the .two' levels as a 'juvenile logic V versus an 
'adult logic' or perhaps to revive Freud's distinction between "primary "^v- 

•process" thinking versus secondary process, thinking.-. 



Analysis of Piagetian Data 

One task, fairly straightforward but not quite a mechanical task, 
came through the /need for a full analysis of the research and theory . 
about thi,s period presented in Piaget's work. At the time of the incep- 
tion of the project, Piaget had clearly '"crossed the water" and-'His \wdrk 
was receiving attention and discussion in this country. But there had 
not been a thorough^;oing' review of the diversified Piagetian explorations 
of the child's entry into concrete operations. Flavell's (1963) review 
was then, and is now, the most detailed summary of Piaget *s writings 
available in English^^ We undertook a detailed examination 'of the par- 
ticularized evidences of change discussed in Piaget 's writings (Thompson, 
1966, Appendix A). , ' ' 

I ■ . ^ 

Schooling as . an Artifact . It seemed necessary ^to' explore a tech- 
nical question frequently raised about the meaning of the data available < 
on the 5-7 transitions. Do such data reflect changes in children or in 
thisir milieu? All of the research-producing societies cbntributing^-knbwl- 
edge about children in the 5-T age range -(generally, the U.S.-, England, 1 
France, Switzerland, Germany, the y.S.S,R.J^'are developed societies that 
institute universal schooling in the 5-?" age' range. To what extent do 
widely distributed data of change in children represent the existence of 
a widely distributed artifact? To what extent are we simply analyzing the 
influence of schools on children's thinking when we cHscover psychological 
changes in tlie 5-T age range? > . . 

Maturational Determinants of 5-7 Changes . If one could believe that 
the changes at this time were not totally produced by schooling — that is, 
that data existed that could not plausibly be considered an. effect of 
schooling — then a further possibility would have to be explored. It is 
possible that the data delineate the developmental' basis of 'readiness' 
for schooling and that they may be helpful in constructing an understand- 
ing of the factors in child development that are favorable for schooling. 
Since it has been argued that school readiness depends, among other things, 
upon sufficient maturation of the child's nervous system, questions about 
such maturation become of considerable interest for the analysis.. 

Social Determinants of Changes . Children change" their status in - 
society in the 5-T age range. The most conspicuous s*gn of thi£> is the 
fact that they are expected to enter school at this t:me. but there are 
other chane^es as well. These social changes may or ma:^ n.>t represent a 
historical reaction to the readiness or eligibility o3f children for 
society, but they represent a new environmental force' in child develop- • 
ment. One is led to ask in more detail what the chd.nged expectations 
about children are in this age range, what new sanctions, what new rules, 
what new ecologies ^ of society are placed before them? Vfhat is the nature 
of the "social stage" erected by society at this time? 
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Copnitivf^ C hanges in the 3-1 Age Range , Although our preliminary 
analyses hnd yielded considerable information about cognitive change at 
this time, we vere hardly satisfied with the data available or the formula- 
tions first offered to try to fit them. It seemed necessary to try to ob- 
tain further data about cognitive change at thiis time for several reasons: 

(a) to attempt simf)le replications of some of the reported findings; 

(b) to try to establish empirically the coincidence or non-coincidence of 
changes offered in discrete sources; and (c) to try to explore what seemed 
to be some significant methodological issues suggesting themselves as ap- 
plicable to a large amount of the data. The value of (a) and (b) seems 
self-evident. The issue under (c) vas and is the question of the child's ■ 
growing cooperativeness with experiments, which seems to offer significant 
problems for interpretation of much of the existing data. Therefore, a 
significant part of our efforts lay in trying to explore the issues of 
basic cognitive change in more dej.!:h. 

In summary, project work on the material of the 5-T year ^ age range 
in children was intended to build on the basis of the previous analyses 
(White, 1965, 1966) to answer certain questions that could be put to the 
original analysis and to explore the issues further. The project sou/^ht 
to examine Piaget's work more closely and carefully. It sought to con- 
sider the influence of schooling on the. data of transition and the pos- 
sibility of an influence of the transition on schooling itself. It " 
sought to consider maturational and social ^forces as they might create 
the developmental change. And finally, it sought through experimental- 
analyses to explore the cognitive changes in more detail. 

. Survey of Pdaget's Findings . At the beginning of the project, we 
recognized that the single largest coherent body of data about children 
in this age range was that body of data represented in Piaget's writings. 
Flavell's (I963) summary of Piaget, then and now the largest digest of 
his Piaget's witings available, spends~most effort outlining the rather 
complex theo'i'etical structure developed in Piaget's writings and relatively 
little time, detailing the mass of particular findings. Piaget's theoretical 
analysis of the development of cognitive structure is , inj f act , the most 
fully adequate analysis of an important set of findings cjf cognitive change 
in this age range. VJe yere concerned to try to find the ( full size and shape 
of the body of findings ' presented In Piaget's writi.igs aiid, accordingly, a 
content P.nalysis of Piaget's writings was undertaker/*^ We undertook to go 
through the body of Piaget's work available in Ehglishs^ranslation in 
1966 — The language and thought of the child, Judgment^and reasoning; in 
the child . The' child' s cbnceT^tion of the wo»"l d. The child's conception of 
physical causality ^ The moral j ud,^ent of the child . The construction of 
reality in the child . The psychology of intellip;cnce ,7 The child' s concep- 
tion of space . The . child* - conception of £;ecrietrv. The gro:rth of logical 
thinking from c hilchood to adolescence , and Lo;:;ic and pGycholory . vJith 
the exception of one of Piaget's monographs concerned with infancy ( The 
origins of intelligence in children ), we covered the, then-available English 
writings of Piaget in an attempt to saimmarize his theoretical assertions 
and his empirical observations bearing oh the onsel* of concrete operations 
in children, at seven years of age. 
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The result of this summary is given in Thompson (1966) , included in 
Appendix A, This summary is st^ill a reasonable guide to the empirical 
material contained in the Piaget monographs that were covered "but, for 
a veiriety of reasons, it is not fully adequate today. To begin with, 
there has "been considerable new empirical material available in English 
because of the grovth of his popularity in this country In recent years • 
Generally, the later empirical material is more completely and fully 
documented. But the survey of Piaget has not seemed adequate because of 
its coverage of the Piagetian theoretical structure, A diagrammatic pic- 
txir^ of the Piagetian theoretical analysis is given in Part I of Thompson 
(1966}, It was developed from Piaget 's vritings, but it is largely a 
rendering of the. earliest and simplest phase in the development of Piaget's 
theory. There was an early phase in Piaget 's work vhen his approach vas 
quasi-psychoanalytic and vhen it vas largely an analysis of the symptomatology 
of the young child's thought. The diagram pictures Piaget's viev of the 
trend into concrete operations at that time in. his theorizing. From the 
point vhen Piaget crystallized this viev of the process. of development until 
today, he has been concerned vith.a progressive translation ofthis plini- 
cal description into a model growing cognitive structure. In addition, 
he has centered his theory.rrmpre and more vithin the issues of genetitf' " 
epistemology. 

Despite the circumscript,ions of the literature analysis, it proved; 
useful in pragmatic and thematic vays: 

(1) It provided a digest of specific Piagetian findings bearing on 
the^ development of concrete operations. This .has been useful and con- 
tinues to be useful. 

(2) It developed the Piagetian theme of a 'socialization* of thought. 
According to Piaget 's analysis, the various 'symptoms' of preoperational 
thought disappear because of the pr^^^sure of the child's conversations 
vith others and the consequent nee^ to explain and justify himself. This 
is an explanation that calls for- further explanations... 
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"l^/hat pushes logical development is the felt need 
to go beyond the self, consider and integrate 
other points of viev, and, represent reality to the 
self independent of present actions. The child 
is only motivated to do this in order to be able 
to communicate/^ 

(Piaget, 195*+, pp- 366-367) 



why should the child, vho has' been talking to others since he vas tvo, 
suddenly shov this nev sensitivity to toramunication only at seven? Never- 
theless incomplete though this explanation may be, it is provocative in 
its resemblance to other explanations of other phenomena at this time. 
Freudian theory, through positing an "internalization** of parental sane- 
9^"i<5ns, argues that the superego formation characteristic of this age range 



is a taking of the role of the other. Various cultural institutions as- 
sociated vith this age range (V/hite, I968) seem to be based on a heightened 
sensitivity of the child to dominant ethical and religious assumptions of 
the ciilture. 

(3) It brought forth repeated evidence in Piaget's vriting^of what 
appeared to be the extension of a temporal factor in thought. A great 
many of the Piagetian experimental demonstrations of change in thought at 
this age range seem to have "'^o do vith the problem of consistency of 
thought over time. At the younger age range, something the child sees or 
does earlier is not consistent vith vhat he sees or does later... the child 
is . not concerned about such consistency. For exam]Dle, in the by-nov famous 
conversation experiments involving volumes of vater, solution of the prob- 
lem is impossible unless there is some kin^ of sxommation or integration ^)f 
thoxight over time. The key question of this experiment.... "Is theie the 
same to drink in each glass" ....is asked of the child vhile he confronts 
a short, fat glass vith vater at a lover level and a tall, thin glass v^th 
water at a higher level. No child can ansve^^ that question if he simply 
considers the scene before him. No adult cian (unless he makes some rather 
sophisticated measurements and calculations). The ad\xlt ansvers the ques- 
tion easily.,^ and the child may or may not ansver the question, depending 
upon vhether he considers the present scene in conjunction vith some 
scenes in recent history ... .the tvo short fat glasses seen to be c^qual, the 
contents of one of ihe tvo short fat glasses being poured completely into 
the tall, thin glass. « 

j 

Many of the Piagetian experiments can be seen in this vay. Events 
or information or actions made earlier in time have to be brought forvard 
in time so that they have an effect on a critical judgment or action of • 
the time. We became interested in ohis, particularly because a variety 
of non-Piagetian experimental findings looked like they could be made to 
fit the principle. - " 

Traditionally ,. the question of the "attention span" of children has 
to do vith a grosser definition of the integration of behavior over time. 
The child is observed in the initiation of an activity — solving a prob- 
lem, playin,^ vith some specific matf'xials, socializing vith another 
child '' — anci the observer counts the time until the child breaks vith the 
activity and enters into another. There is, on the average, a lengthening 
of activity time measiured this vay as preschool children get older. Our 
working hypothesis has been that the factor or factors that promote the 
gross kind of attention span in children are the same as those that 
promote the special kinds of cross-time integrations required for the ^ • 
Piagetian demonstrations. An important part of the experimental work under- 
taken in the project has to do vith the study of the factors in "attention 
span." - 

Changes Between ^-7 years and the Onset of Scnoolin^y . In vork to be 
described belov, further efforts vere made to explore the "socialization" 
and "time spanning" interpretations of change in the 5-7 age range. But 
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there vere^ and are still, important questions about the general' findings 
of change in this age range.. It has been our consistent belief that vhere 
there -.is so much smoke there mu?t be fire. V/here there have been so many 
fAnd diverse reports of significant developmental change in the child 
occurring at this age ran^e, something significant some "stage" change, 
perhapsi • .must be occurring in the child. However, the great majority of 
the data^^do not have to be a consequence of some intrinsic . developmental 
changes in the child. All data-prodacing societies • — t le' United States , 
Britain, iFrance, Germany, Russia ~ regularly put their children into 
public schooling between five and seven years of age. It as likely that - 
some of the available data of change, and it is ^conceivable that all of 
the data, are produced simply by the effects of schooling onchildren — 
that is, esser^tially as an artifact of something other than the develop-, 
ment of the child. \ 

\ ■■ 

Since it was our hope that these data might be the bagds of an anal- 
ysis of the preconditions of schooling, it seemed important xo directly 
address this issue. Accordinf^ly , some specific kinds of literature were 
sought out to addre-ss this .question. The basic question was whether or 
not there is some major intrinsic change in the child ' s'grovth pattern, 
something like, adolescence , that was clearly not a reflection pf the im- 
pact of schooling upon him and that might conceivably delineate a develop- 
mental basis for school "readinesG." Three kinds of literattire seemed to 
bear upon; this question: 

(1) ^; V/e can ask if there are physical changes in the child between' 
5-7 years not plausibly a consequence of schooling but plausibly linked 
to the psychological changes at this time. 

(2) \Je can ask if there is some cross-cultural universality of prac- 
tices or beliefs that appear to acknowledge significant change in the 
child at this time.* - 

(3) We can, ask if the experimental data obtained in societies where 
children are put into school can be replicated in other societies in which 
children of the same age are np^ put into school. 

A review of evidence bearing on these three questions was developed 
in White (1968). Subsequently, further evidence bearing on the third ques- 
tion was obtained by Siiper in a cross-cultural study to be discussed sub- 
sequently. .The 1968 review-;of ^data suggested the following; 

(1) . There has bden.;some repetition of evidence suggesting a ''mid- 
growth spurt" in children's physical] gro^rth, this shift occurring between 
5-7 years. The spurt has appeared in grouped anthropometric growth data. 
It appears to be more characteristic of weight and width body measures 
rather than length measurements. \ 

(2) There are heterogeneous, isolated da-^a suggesting shifts in 
endocrine function and shifts in rate of neura-. tissue growth at this time. 
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(3). There is a small, heterogeneous body of data all suggestive of 
a "hardening^* of the child's mental or neurological status around age 
six. The data bear on (a) the traumatic effects of hospitalization, 
(b) the effect of diabetes on subsequent IQ, (c) the optimum age of 
dietary treatment of phenylketonuria, (d) the incidence of febrile con- 
vulsions, and (e) the. period of florid symptomatology in childhood autism. 
Each line of evidence finds a change in- the vulnerability of the child, or 
his accessibility to treatment, at around six years of age. 

(h) In our own cultural history, traditions apart from schooling re- 
'fleet assumptions that children are partially mature at ?• In the Middle 
Ages, according to Aries (1962), there was a general presumption of 
maturity at. this time.: 

"Once he had passed the age of five or seven, 
the child was immediately absorbed into the 
world of adults...." 

(Aries, I962, p. 329) 

"in the Middle Ages, at the beginning of 
modern times., an^, for a long tiir.e after that 
in the lower classes, children were mixed 
with adults as ,oon as they were considered 
capable of doing without their mothers or - 
nannies, not long after a tardy weaning (in 
other words, at about the age of seven). 
They immediately went straight into the 
great community of men, sharing in the work 
and play of their companions, old and young 
alike." * ' ^ 4 

(Aries, 1962, p. hll) 

It is quite possible that these medieval traditions have been 
carried down through the years to an embodiment in two traditions of our 
own time. The English Common Law assumes-, that a child is first capable 
of being guilty of a crime, first aware of right and wrong, at the age of 
seven. The Catholic Canon Law assumes that a child has his first knowledge 
of sin at age seven and can first validly confess from that age, and hence 
places First Communion at age seven. ' . 

This 1968 review of evidence is included in Appendix A. It appeared 
from the review of evidence that there was some/ basis for the belief in 
some substrate processes of change in the child independent of the :in- 
fluence of entry into schooling upon him and, (iuite possibly, indicating 
some basis for what i's generally called "readiness" for schooling. That 
such evidence can be obtained does not, of course, validate any and all 
evidence of change in the general literature as evidence of basic change 
in the child* There is good reason to believe that schools cause changes 
in children which are sometimes interpreted as developmental changes in 
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the' research literature, , -But the 1968 review suggested that it was 
reasonable to believe in a contributory maturational process, although 
it gave no indication of what that process is. To date, even with further 
efforts to be described below, we have no clear idea of what' the neuro- 
psychological substrate might be. But the possible existence of such a 
substrate seems to be a clear issue for later research,, In a following, 
section, below, we will offer some rJmmary comments un "readiness** for 
schooling. . / 

This paper represented our first attempt at an analysis of the 
•literatures of a number of disciplines other than Psychology — anthro- 
pometry neurophysiology , various medical specialties, cultural anthro- , 
pology — and we' felt that the work was necessarily tentative. Sub- 
sequent exajninations of the literatures of these disciplines have moderated 
the judgments embodied in that paper althoug^h they have, not discounted the 
general conclusion of the' paper. If anything, they have strengthened it. ^ 
But we would/now be inclined .to modify the arguments in that paper accord- 
ing to^^the following cojisiderations : 

First , .'the anthropometric evidence for a mid-growth shift in the 5-T 
age range seems tenuous. Corr'r^spondence with James Tanner and Howard 
Meredith revealed their own uncertainty about the genuineness of such a 
phenomenon.. In .Tanner's (l9T0) authoritative review of physical growth 
patterns in children, the notion of a mid-gro'^rth spurt is not brought into 
discussion at all. The phenomenon has been decisively discounted.. How- 
ever,-^ there is a possibility. that the phenomenon arose as an artifactusd 
property of grouped growth curves. At present, there is an ongoing anal- 
ysis of the patterns of individual growth curves being conducted by Dr. 
Rose Fritsch at the Harvard Gro'^d^Ji Study. But we have not been able to 
undertake an independent analysis of her data to examine whether they 
support or deny the notion of a mid-grovth spurt phenomenon. 

r 

Second, the assorted medical evidence discussed in the paper for an 
indication of a mental .or neurological "hardening" of the child's status 
at age six could probably be extended. In the clinical literature <pn 
amblyopia, there is widespread testimony to the effect that the disorder 
of vision can only be improved to the extent that treatment is gi^ven be- 
fore six yearji of age. There is no generally accepted theory about the 
physiological basis for cjnblyopia. Rather, there are e; group of theories 
emphasizing various peripheral or central mechanisms. There is som-e 
agreement to the effect that the oculomotor are "grounded" or stabilized 
at about six years of age. In the clinical literature on deafness, there 
is the belief that spoken language can only be established in the deaf 
child' if speech training is established before six years of age. 

Third, the cross-cultural literature on children's cognitive develop- 
ment has grown since 1968 and suggests conclusions different from those 
possible at ^hat time. In I968, there were only, the beginnings of what 
has now become a large-scale effort at cross-cultural studies of cognitive 
• development. Piaget's stage theory precipitated an enlarging body of ef- 
fort to establish the cultural universality of his developmental scheme. 
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with particular interest in the onset of concrete operational thinking 
at around age seven. The few findings available in 1968 suggested^ that 
concrete operational thought emerged relatively independently of the 
child's cultural milieu. Subsequent findings have qualified this con- % 
elusion and have suggested a more complex, more culturally contingent, 
pattern of emergence. These findings are reviewed in. Super *s (l97l) re- 
port, included in Appendix A. ;/ ' 
. ■'^^ 
Suminar;v Themes : A reahalysis . In a first survey of the psychological 
literature on change in the 5-7 age range, an initial set of summary themes 
vas proposed. At that time, the various data of transition were taken to 
be reflected in learning by a shift from 'associative* to ' cognitive '-^ 
processes of engaging in learning. Subsequent analysis of the psychological 
literature made it more and more necessary to review the overall pattern 
of the psychological findings — first, because rather different summary 
themes suggested themselves and, second, because the analysis of the- 
literature made it less and less likely that what was happening to chil- 
dren's learning could be reasonably described by tems like 'associative' 
or 'cognitive' function. ( 

The proposing of summary factors, is a speculative process which, we 
believe, is necessary and useful.. If' one -collects together assorted re- 
search findings indicating change in the child between five and seven, 
years, one does so in the belief that the various findings when tsken to- 
gether will suggest underlying fxinctional changes in the child which are 
not so clear if only limited sets of findings are exajnined. HpVever, 
given a large set of heterogeneous research findings, there, is rio orderly, 
highly reliable procedure for asserting one best system of simple de- 
terminants. Undoubtedly, various investigators looking at the body of 
findings will come forth with various sets of such determinants ^ One can, 
to some extent, attempt to make the various phenomena of transition in the ■ 
child reveal their unities by an empirical method. One can take sets.^of 
procedures which, in various laboratories, have revea.led changes in the ^ 
child and one can administer these sets to a group of' children. Tfiis 
might reveal clustering of observed transitions. . \le have attempted this 
kind of empirical examination in a series of studies to be ^outlined belov^ 
However, the advantages given by tte objectivity of the approach is^ 
seriously compromised by the disadvantages occurring through practical 
and methodological difficulties. Consequently, it has seemed more im- 
portant to try to search for integrative determinants among the data by 
rational and judgmental processes • Determinants so arrived at are, 
fundamentally, hypotheses about the observed transitional phenomena and 
serve as a source for subsequent research- efforts designed to confirm 
and elaborate the hypotheses. In this project, the separate research 
studies to be described below were guided in part by our judgments about 
summary themes, in this age range. 

In an earlier analysis of transitions in- this age range, the follow-, 
ing argToments were set forth: i . 
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!• There exists in older children and adults tvo different modes 
of cognitive function — termed 'associative' and 'cognitive.* 

2. These modes are "temporallv stacked*" They are differentially 
available in time. When the stimulus initiates the hunt for a response, 
the first-available mode is the associative mode. The later-available 
mode is the cognitive mode. 

3. Inhibition of responses determined by the associative mode is ^ 
required in order that the cognitive mode' determine the activitv of the 
subject. Factors influencing the ability of the subject to Tom or main- 
tain inhibition therefore influence which mode of thought will be expressed 
in his behavior. 

k* Between the ages '^ive and seven years of a^e, there is an 
important establishment or augmentation of cognitive function, so that 
it becomes a dominant system of thought. The child before five pre- 
dominantly expresses associative function, either because im-Dortant com- 
ponents of cognitive function do not exist or because he is not able to 
impose a necessary kind of inhibition. 

Various kinds of psychopathology traditionally presumed to causi 
regression may do so because they have a disinhibitory effect upon the 
subject's thought. The subject "regresses," not back to the exact thought 
and behavior of a child, but to a level of associative function which is 
itself developed and extended and become mature. 

6. Cognitive function, as opposed to associative function, is an 
expression of the following summary themes: 

(1) The use of language representations of stimuli as "pure 
stimulus acts," as second-order cues evoking behavior which the stimuli 
themselves would not call forth. 

(2) The ability to maintain orientation toward invariant dimen- 
sions of stimuli in a surround of variance. 

(3) The ability to string together internal representations of 
stimuli s-response-consequence into sequences which, projected into the 
future, allow planning and, projected into the past, allow inference. 

(U) Relatively more sensitivity ta distance receptors of vision 
and audition and relatively less sensitivity to near receptors of emotion, 
touch, pain, proprioception, and kinesthesis (VHiite,* 1965 ) • 

The augmentation of this literature analysis made possible by the 
project provided, finally, a reconsideration of the above analysis of the 
functional terms of the change. A subsequent paper (V/hite, 1970) offers, 
a fxirther analysis of the phenomena of change in this age range and a 




revised set of siumnary themes. This paper is given in Appendix A. This 
paper addressed itself to contrasting Tnodes of thought vhich are called* 
a "juvenile logic*! and an "adult logic," and the adult logic is said to 
be distinguished from the juvenile logic by the following: 

. (l) A sharply enhanced ability to form a system of behavior in 
accord with a proposition offercl to the child and, then, an ability to 
maintain the proposition over an extended" period of time. 

(2) An increase in inhibitory mechanisms manifesting itself in 
diverse ways. 

: (3) An increase in the access of certain kinds of memory or aware- 
ness to verbal or volimtary processes. 

(U) The ability to superpose dimensionalization on the concrete 
situacion, so that the child does 'not so much deal with events as with 
events-in-con text. 

(5) A relative d-^-jline in what might be regarded as affective 
dependence upon other humans and, together with that, the ascension of 
what night be called contractual dependence.^ 



*In this summary statement here, ^tjie word 'contractual' is asserted in place 
of. the original word * competitive' (White, 1970b). A reinterpretation of 
the issiie is involved, one which appears to make it more general and more 
useful. The original assertion of the development of competitive depend- 
ence was based on several lines of evidence that seemed to converge. There 
has been a large body of research on dependency in children over the last 
several decades, and a consensus among dependency researchers suggests that, 
a mere juvenile form of children's dependency should be distinguished from 
a differenc, more mature, expression. The younger manifestation seems to 
lead to a need for contact v/ith adults and comfort from them; the more 
mature manifestation seems zo depend upon more symbolic expressions of ap- 
proval by others. - See, for example, the distinction between "near receptor" 
versus "distance receptory forms of dependency discussed by Walters and 
Parke (1965). / . 

The--e;nergence of ''the~moy^e~ma^ of dependency seems to coincide in 

time with personality cmaracteristics called 'genuine competitiveness,' 
'need achievement or 'ego involvement in task success ', (V/hite , 1970b). 
Some .unpublished research by Dr. Daniel Freedman of the University of 
Chicago seems in line with this trend. He has conducted observational 
studies of the soci^al behavior of children ages U and older and he has ob- 
served,' beginning/at ages 5 and 6, that male children begin to establish 
stable cliques in the school setting, groups that move around together in 
the environment/ He also finds, at this time, the emergence of a "domin- 
ance" principle within these cliques. The children have some mutual, 
stable agreements about who is best at various activities, (if two four- 
year-old boys are asked who is the best fighter, they are both apt to 
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(footnote continued) / 

answer, "I am." If two six-year-old boys are asked the same question, 
they will both tend to agree that one or the other is. ) 

The original assertion of the emergence of a principle of 'competitive 
dependence' between ages five and seven was based on the idea that both 
the age changes in dependency and the age changes in competitiveness were 
different facets of the same tra,nsition. However, a recent series of cross- 
ciatural studies by Dr* Millard Madsen of UCLA (Madsen, I96T; Nelson and 
Madsen, 19o9; Shapira and Madsen, 19^9; Madsen and Shapira, 1970; Kagan 
and Madsen, 19T0a, 19T0b; Madsen, 1970), has suggested a wider view of the 
transition. He has developed some ingenious two-person games which chil- 
dren may approach using either cooperative or competitive styles of play. 
His re.^earch has 'shown significant cross-cultural differences among chil- 
dren with, for example, Mexican children inuch more apt to engage in the 
games cooperatively than American children. He finds these cultural dif- 
ferences emernent at six or seven ycArs of a/re. Taking into account 
Madsen 's findings — and other findings suggesting that American children 
are more socialized toward competition than are other children (e.g., 
Bronfenbrenner , 1971) — a broader principle of the emergence of 'con- 
tractual dependence' may hold for this age rjange. 

The general idea would be that there is a social development parallel to 
the cognitive developments studied in this age range. Pi aget ' s' theory 
holds that in this age range, the child applies stable dimensions to his 
conception of the objective, physical world. He recognizes space, time, 
location, volume, etc., as stable coordinates of the world and of objects 
within it and he operates cn his experience in terms of operations involv- 
ing these coordinate systems. The parallel argument would be that this 
kind of dimensionalization or ' theorization ' applies to the child's social 
experience as well. There is a widespread belief that the child should 
begin to "know the rules" in this culture and in others (V/hite, 1968). 
What may be most generally true in this age range is that the child enters 
into a new leve! of social interdependency with others, one which is 
governed by the characteristic 'social contract' envisaged, by the mores, 
courtesy, normative myths, style, and laws of the culture. He may, in 
this culture, enter into a 'competitive dependency' with others, governed 
by rules that call for a full, wide open, and fair competition. He may, 
in other cultures, enter into a different system that calls for a 'co- 
operative dependency.' 

Kohlberg's (1969) theory of moral development sees children's socialization 
as mediated by a cross-culturally universal development of the notion of 
reciprocity, or fairness, between individuals* It is here argued that the 
various cultural usages of this development are tied in with different 
qualitative schemes for social arrangements among individuals, different 
rules and roles of the social game. 
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(6) An increase in speed of reaction and speed of recognition. 
What ve have arrived at in this analysis is by no means a theory or a 
model of change at this time. Like all theoretical statements about the 
transitions in this age range, it is, in fact, really an attempt at mere 
careful and analytical descriptions of the phenomena of change at tnis 
time. Tliese rubrics are attempts at such careful descriptions of what 
the basic observed changes may amount to. They take into account the 
fact that children in this age range are significantly more able to deal 
with formal systems, rules, and games offered to them by adults. That 
is, there is a marked increase in the ability of the child to 'cooperate' 
with the systematic routines contained in experiments, in school class- 
rooms, and in certain rule systems in the larger community. The rubrics 
are to a significant extent an attempt to locate the precise acquisitions 
involved in such 'cooperation.' 

Studies of the Coincidence of Changes in Children 

A series of studies of behavior changes in the 5-7 year age range vas 
undertaken using nursery and public school children in Brookline, 
Massachusetts. There were three purposes guiding such studies: ^ 

: \. First, the existing literature on developmental changes' was character- 

ized more by breadth than depth of investigation. Although a significant 
-number of changes in behavior had been reported in previous work, the 
majority of such changes had been reported once and were unreplicated. 
In the several cases in which there was a literature of replication and 
follow-up, it .was usually the case that succeeding studies had modified... 
or, in a few cases, denied... the original interpretation offered to an' ob- 
served change. 

Second, there seemed to be a need to look at the coincidence of change ■ 
in the srme children. VJhile a good number of transitions in this age range 
have been conceptually fitted together under the Piagetian or other theo- 
retical schemes, there does not exist much research literature ii\ which 
the empirical co-occurren^ce of change has been investigated. 

Third, it was at the beginning our intention to move into a longi- 
tudinal investigation after two' or three preparatory years. If one wants 
to study how a group of changes tends to cluster or stage in the* course of 
a child's development, then, a longitudinal study of such changes seems like 
the most straightforward and logical way of estimation. However > conversa- 
tions with several investigators who have had experience with longitudinal 
studies led us to delay the gatnering of a longitudinal sanple. Longitudinal 
studies are extremely time-consuming and they move at a denanding pace. If 
the procedures used in such studies are not satisfactorily developed, there 
is little tine to experiment with them or modify them. Ue felt that some 
cross-sectional studies would give us experience in administration of a 
body of ^procedures that might then be used as the basis of a more definitive 
longitudinal inquiry* 
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So a series of studies of nursery and early school grade children vere^ 
undertaken. In these studies, the same child was given a battery of pro- 
cedures during one, two, or three sessions coming close together in time. 
There were necessarily limitations in this way of trying to collect the 
phenomena together. One could only group together certain kinds of changes 
for investigation in this manner. Some of the observed 5-T transitions 
are not observable in experimental contexts or are not experimentally 
nanipulable. Furthermore, if a set bf procedures is to be massed into a 
battery for use with children ranging do;m to the preschool age range, each 
procedure must necessarily be fairly brief ir. administration. Finally, 
procedures given seriatim in time can and do have an influence upon one 
another, and so some care had to be exercised in constructing the battery 
to try to avoid idiosyncratic influences of one procedure in a battery 
upon the results obtained in other members. 

A series of cross-sectional investigations were undertaken using 
children ranging in grade from nursery school through to the third grade. 
School-aged children were taken from classrooms considered "averar^e'* in the 
Brookline school system. Brookline, Mass. is a suburb of Boston that was 
once rather wealthy and fashionable, but now holds areas that range from 
lower- to upper-middle-class socioeconomically . No attempt was made to 
estimate the SES of children used in these studies, because this was not 
felt to be an issue relevant to their purposes. The choice of "average" 
children was a straightforward attempt to avoid classrooms considered to 
be made up of relatively bright or dull children. Children were white, 
of both sexes. The nursery schools used were selected so as ,to "connect" 
with the schools used. That is, the children from our nursery schools 
conventionally entered into the primary school classrooms from wHich we 
selected. As is usually the case, however, our nursery school children 
probably represented a limited and somewhat biased proportion of our 
school population. \Je did not attempt sampling corrections to try to re- 
move this bias, because of several considerations. First, some experience, 
with studies crossing from nursery to school .groups led us to hope that*" 
these biases were not a seriously disturbing factor.. Second, we were not 
optimistic that straightforward matching procedures — e.g., matching chil- 
dren on income or education of parents — vou24 remove the biases. There 
are a number of considerations involved in whether a child is sent to 
nursery school and which nursery school is selected for him: educational 
philosophy, convenience, popularity, style. If the selective appeal of 
these factors to different parents biases the samples of children collected 
at various nurrery schools, it seems almost impossible to develop an 
orderly procedure to "take out" these biases. Third, a significant part 
of what we were trying to do was to repeat findings established in studies 
in which unselected nursery and- school p'opulations had been used. It 
seemed Justifiable to follow the practices of the studies to which we were 
trying to relate. 

Each child was tested individually in a special room assigned to us 
for individual testing. Using successive samples of children, we ex- 
perimented with variations in amount of testing, instruction, procedures 
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included. Our goal was to try to develop a battery of testing procedures 
which seemed comfortable in length, particularly to the preschool children, 
and for which the instructions seemed clear to the children. This battery 
was to incorporate procedures which, in the previous literature, had yielded 
developn^ental transitions in the 5-7 age range. One or two of the procedures 
were included not because they yielded mark^ed qualitative changes or shifts 
in behavior at this time, but because sone special significance was at- 
tributed to their more gradual change at this time. This was true for the 
tests, of digit span memory, to be discussed.below. 

Several hundred childreji were involved in consecutive crcr,s-sectional 
studies in this series. We emerged, finally, with a testing procedure em- 
ploying 13 procedures that seemed to fit satisfactorily together. These 
procedures, and the reasons for their use, will be briefly des^cribed in the 
sections that follow. 

Digit Span . Testing was Uiidertaken to establish a' forward digit-span, 
using the standard one-per-second digit pi*esenting procedures of the 
. Wechsler series of te^ts. Children do not shov any narked shift in digit- 
span recall in the 5-7 age range, but there were two nevertheless reasons 
for including a test for digit span in the battery. First, the digit-span 
test has shovn a peculiar salience as an index of general mental ability 
during the preschool years. Scores on digit-spLn are the best single sub- 
test predictor of Stanford-Binet IQ untile about six years of age, after 
which vocabulary takes over (Teeman and Merrill, 19^2). This could re- 
flect the peculiar construction of the Stanford-Binet test, which tends 
to be a "performance" test in the preschool years and a "verbal" test in 
the school years. If this is so, it is interesting that digit-span should 
be a predictor of the "performance" period of the- test and not immediately 
obvious why this is so. A second reason for including the digit-span had 
to do with the relevance of digit-span estimates for an important emergent 
hypothesis about the general course of children's cognitive development 
during the school years. Several have recently argued that the general 
course of cognitive development in childhood is strongly related to a 
speeding-up of mental functioning in the course of cognitive growth. As 
the child becomes older,' he recognizes and draws forth associations more 
quickly and so can consider more aspects of a situation together. Piaget, 
in his first summary theoretical statement. The Psychology of Intellirrence , 
discusses the child's emergence into concrete operations in this way and 
likens the developmental process to the frradual speeding up of a slow motion 
film. The relationship between speed and power of thought is discussed in 
Vmite (1970). McLaughlin (1962), in a significant article, likens the 
successive Piagetian stages to increments in the number of "bits" the child 
can process. His argument holds that tests of digit-span should offer a 
strategic index of the information-handling capacity of the child. 

Representative data obtained on the development of digit-span recall 
are given in Figure 1. This figure. gives data from the last Bro^kxine 
sample. This sample will be the basis for the series of figures to he 
given in this section. It represents data obtained via the last and L'jst- 
developed procedure of the cross-sectional series, and it is this procedure 

Er|c ; 



-25- 



that was used in the African and Weston "transition class" studies to be 
discussed below. The filled dots of Figure 1 give data points for 
Brookline nursery, first, and third grade samples. N's per data point 
vary in this and the later fif^ures. Twenty-four children at each grade 
level constituted the sample, but not all children gave usable data for 
all procedures and so data point N's range from 20 to 2h* The children 
were tested relatively late in the school year and the average ages of 
the N, 1, and 3 children were, respectively, ^^.9» 6.8, and 9»0 years. 

The triangular data points on Figure 1, and corresponding data points 
to be found on the later figures, represent data from the Weston study of 
transition classes to be discussed below. 

Color-Form Dominance . ' One of the oldest demonstrations of a transi- 
tion in children's behavior during the 5-7 age range has been with respect 
to a phenomenon of color versus form dominance. Children are shown a two- 
dimensional shape — jiay, a yellow triangle — and are then asked to judge 
which of two other sT)'^*cimens are most like it — say, a yellow circle versus 
a green triangle • Children before six tend to choose the object of like 
color, or in some studies to choose equally between like form and like 
color, but in almost all studies children after six show a tendency to base 
their choices on similarity of form. The literature on this kind of transi- 
tion goes back to a French study by Descoudres in 191^ Btid fromi that time 
to this there have been from 50 to 100 studies of the-^ phenomenon.. Most, 
but not all, of the studies confirm the existence of a shift towards "form 
dominance." While there has been no proof of any of the several hypotheses 
about what this transition means, the pattern of the findings tends to sug- 
gest what may be involved. The transition probably does not reflect basic 
changes in the perceptual abilities of children at this time. It may le- 
flect an increasing tendency of the child to name stimulus figures such 
as those used, because our names tend to categorize^ the figures by form. 
It may reflect an increasing tendency of the child to understand fiorm^ative 
conventions applying in the testing procedure. The child as he grows 
older is likely to come to know that the adult's sense of the likeness of 
things to one another rests moi'e on their shape than their color, and thus 
he may tend to read off the question about "likeness" more and more as 
"likeness-in-form. " Going along either with the lin^istic or the con- 
ventionalization explanations is the fact that the color-form shift tends 
to be accelerated or decelerated by intelligence, education, SFS and 
handicap. The more favorable \he child's experience has been, the more 
likely the transition will be found relatively earlier. 

Figtire 2 shows data obtained in the population described for Figure 1. 
Oxir data are in agreement with all the preceding studies' in showing a j 
relative increase in form dominance in the H - 3rd grade range, in agreement 
with some but not all in showing an absolute decrep.se in color choices in 
this range. The great majority of the previous studies have found a pattern 
of color-dominance or mixed-dominance in their nursery school age. VJe find 
a form- dominance. Generally, this kind of finding goes against a "strong" 
interpretation of the 5-7 changes, as discussed above, and towards a "weak" 
inteiT^retation. 
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Discrimination of Rotation . It is frequently noted anecdotclly 
that preschool children seen insensitive to the orientation of figures. 
Given a picture to look at, they will often discuss it while it lies up- 
side down in front of them. They do not turn the pict\ire around as adults 
do and they do not seem bothered at havinc to deal with the pictare in an 
unnatural orientation. More systematic evidence, collected since the 
1930* s (White, 1965) has consistently shown that young children have dif- 
ficulty discriminating; pairs of plane figures that are mirror ima-^es. They 
become capable of discriminating up-down mirror images somewhat earlier 
and right-left mirror images somewhat later. There are some reasons for 
believing that this kind of orientation discrimination depends upon a base 
of developing neurological "readiness,** but also that such discrimination 
may be advanced or retarded depending upon whether the child is trained 
,^^0 notice and deal with orientation. 

One reason for believing in the existence of a neurological basis is 
that orientation discrimination does not develop in all U.S. children. 
Some children of all social classes persist in their inability to make 
such dircrinination into the school years, despite sometimes strenuous 
efforts to encourage or train them. Inability to discriminate orientation 
is a conspicuous feature of dyslexia and at least some forms of dyslexia 
have long been suspected of having a neurological basis. Increasing the 
likelihood of neurological involvement is the fact that a frequent and 
diagnostic feature of adult aphasia is the loss of orientation discrimina- 
tion, particularly right-left confusion. However, at the same time, one 
cannot believe that orientation discrimination is pvirely a neurological 
affair since there is evidence to suggest that children in general come to 
discrininate orientation more readily when the culture makes an issue of 
it. 

Our test for the discrimination of orientation involved giving chil- 
dren a vertically oriented diamond as a standard together with a sheet of 
35 comparison figures. The comparison sheet contained ten diamond shapes 
distributed among 25 circles, hexagons, or squares. Half the diamonds 
were oriented vertically, like the standard, and half were oriented hori- 
zontally, appearing to adults fairly conspicuously as the standard laid 
over on its side. The child was asked to check off on the sheet all the 
figures that were exactly like the standard. This sheet was designed to 
reflect sensitivity to verticcd-horizontal rotation. A second sheet was 
given designed to reflect sensitivity to oblique rotation. The standard 
here was a diamond whose long axis was tilted from upper left to lower 
right, while the confusion figures were tilted so that their long axis went 
from upper right to lower left. The figures are sketched on Figure 3 to - 
follow. 

Figure 3 ishovs the percentage of saibjects successfully discriminating 
the two kinds of rotations offered in the tests. It is evident that the 
vertical-horizontal rotation offered only a modicum of difficulty for the 
youngest children, while the oblique rotation was quite confusing through 
the, third grade group. These data suggest that at least one aspect of the 
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discrimination of orientation must be largely conplete for these children 
by five years of age, while another aspect has hardly begun. 

Bender->Gestalt items > The Bender-Gestalt test is a test where line 
figures tire copied. The test rests upon observations by Lauretta Bender 
that organic patients show characteristic distortions in copying drawings, 
and it is used in the diagnosis of organicity for adults. Koppitz (i960) 
showed that young children characteristically show "organic" scores, with 
marked improvement in their drawings between five and seven years of age. 
Three of the Koppitz designs were used in this study, those three that 
seemed on the basis of her data to be most directly sensitive for the 
changes in children's performance 

There is no clear line of analysis in existence discussing the mean- 
ing of the changes observed with age. There are marked drawing difficul- 
ties associated with parietal detraage in adults, and such drawing difficul- 
ties are termed ' constructionaD. apraxia' by neurologists* Since there is 
some indication that parietal myelinization completes itself at about five 
or six years of age (Milner, 196?) » one night be inclined to believe that 
the Koppitz data reflects a decline in a constructional apraxia that is 
normative to children before five years of age. However, children show 
some difficulties in sustained, efficient, task-directed behavior in con- 
texts that one would not associate with neurological diagnosis. Ve will 
not know without further experimental analysis how much one can assume a 
neurological interpretation of data on the copying of figures. 

Data obtained with the Erookline children generally accorded with 
Koppitz 's findings. The scoring followed hers, with ratings for distor- 
tion, integration, rotation, and perseveration in the drawing of the 
figures. Generally, more favorable scores were obtained the older the 
children were, with the most narked improvement between N and 1 (Figure U). 

Three interrelated factors seem to be implicated in Bender-Gestalt 
performance: memory for designs, ability to perceptually organize the 
figures, and motor skill. After completing their drawings of the Bender- 
Gestalt specimen figures from memory, the children were then given tracing 
paper and asked to copy the figures by tracing. Their drawings were then 
rated to Judge' whether they reflected an apparent awareness of the total 
organization or "gestalt" of the figures. Results are pictured in Figure 5- 
Ths tracings were also rated for accuracy, with such ratings presumed to 
reflect PiOtor coordination. Results for these ratings ar.*^ pictured in 
Figure 6. On the whole, the results for Figures 5 and 6 would tend to s\ag- 
gest that one does not have to posit memory loss or distortion to explain 
the date of Figure Mhat seems to be developing in the children at this 
time as a basis for Bender^-Gestalt performance is some factor of perceptual 
organization and some factor of motor skill* 

Construction of a Diaf^onal . One of the somewhat puzzling phenomena 
of the preschool period is the inability of the preschool child to draw or 
construct a diagonal successfully even though he clearly recognizes the 
diagonal. This disjunction is one of a number of perception-performance 
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disparities in early childhood, cases where a chilv^ seems to know some- 
thing in one way but not in another. Generally, children become able to 
construct a diagonal at ' 5 or 6 years of age,> There has been relatively 
little study of this developing ability in children, but at the time we 
began this series David Olson was conducting a five-year program of in- 
vestigations that has now eventuated in a monograph (Olson, 1970). We 
included a procedure in which the children were asked to copy a diagonal 
using pencil and paper. For children in our last Brookline sample, about 
60% were able to reproduce the diagonal correctly at nursery school level, 
and about 95?^ did so successfully at first and third grade levels, 
age trend is consistent with that found by. Olson (1970). 

Right -left Discrimination . Children generally become able to tell 
their right hand from their left hand at about six years of age. Con- 
siderable importance has been attached to this by some writers because the 
act of successful right-left discrimination has been felt to be a mile- 
stone in lateralization of function and in the organization of a coherent 
body scheme. Since the, writings of Samuel Orton in the 1920's, it has 
been felt that right-left confusions have an integral association with 
reading problems and other disorders of symbolizing. Furthermore, there 
is evidence that right-left confusion in adults is a frequent concomitant 
of aphasia. 

Piaget has written about right-left discrimination not as a manifes- 
tation of neurological organization but rather as an important step in 
the child's organization of a private framework of objective Euclidean 
space* Piaget has noted that the child's coming to tell his left from his 
right is only a step towards an objective spatial framework. At age 6, 
the child cannot yet discriminate the left and right of someone facing 
him. He makes the differentiation, but only in an egocentric spatial 
framework. It is only when the differentiation- can be made from someone 
else's point of view that one can argue that the child has an objective 
framework. 

The testing included a procedure that probed the child's ability to 
respond to right-left questions and explain his responses in terms that 
suggested he had an objective understanding of spac-3 The child was asked 
to show his right hand and his left hand. If he cr.uld not do this cor- 
rectly, he was asked to ''show the hand you eat with»" V^ien an adequate 
designation had been arrived at, either the terms "right" or "left" or 
functional terms, the child was then asked to point out the same hands on 
a toy doll facing towa-^ds him and facing away from him. The results of 
this inquiry are shown in Figure 7« Answers that were "consistent with 
self" were, in ordinary terms, correct answers. Each time, after the child 
pointed out a hand in response to a question, he was asked, "How do you 
know?" If the child explained his answers in terms that indicated that 
he understood that terras like "right" and "left" applied with respect to 
the orientation of the object, he was Judged to have an objective rationale 
for his responses. Figure 8 gives percentages of the Brookline sarple that 
were Judged to have an objective rationale. 
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.The results of the left-right testing were consistent with expecta- 
tions from previous reports. It is noteworthy that only about half of 
. the" older children could give an explanation that was deemed sufficient 
by Judges to. indicate presence of an objective rationale* This was 
roVighiy consistent with the numbers of children able to make a correct 
choice with the doll facing them. 

D raving Maximum- and Minimum Sqamres , A fairly simple procedure was 
included following an experiment "by Rey as given by* Piaget (l960c, p. 37 )• 
The child is given a piece of paper with a standard square upon it and he 
is asked to draw the largest, and smallest possible squares on the piece of 
paper. Children over 7-8 years tend to draw a very tiny square and a 
isquare following as close to the edge of the paper as possible. Children 
younger than 7 tend to draw two squares slightly larger and slightly 
smaller th&n the standard. The Rey experiment is offered by Piaget as an 
example of an acqulsjition of the onset of the period of concrete c^perations. 
With the coming of concrete' operations, the child is able to use ^'asymmetric 
relation groupings." The child becomes able to see the perceived figure 
as a member of a class of like figures with a great range in sizes. 

A procedure modeled upon Key's was included in the test battery and 
the figures to follow show the data for the Brookline sample under discus- 
sion here. Figure 9 shows the median erea for the larger squares drawn by 
the children and Figure 10 for the smaller. The data confirm Bey's ob- 
servations. Generally, the children progressed from squares drawn closely 
around the standard offered them towards maximal andi minimal squares as 
adiilts would tend to draw them. 

As an index of the visual-motor skills of the children, analogous 
to some of the /scorings of the Bender-Gestalt items, some additional scor- 
ings were made. The^larger and 'smaller squares were measured for con- 
centricjA/^/iJ!^^ standard square, with results pictured on Figure 11. 

-'Irr'e^ition, the quality of the childrens' drawn squares as squares was 
scored, with results pictured in Figure 12. From these latter two scor- 
ings, it seems reasonable" to conclude that there were noticeable improve- 
ments in the skills with which the Ciilldren' made their drawings. It is 
not clear that these skill improvements explain the Rey phenomenon. They " 
seem more likely. to be an auxiliary development. ' On the surface at least, 
the most likely explanation for the size choices made by the children might 
be some such explanation as that offered by Piaget. 

Brothers . Another fairly simple Piagetian item was included in the 
battery, this one suggestive of the child's ability to .form "class in- 
clusion groupings" with the coming of concrete operations . The child 
is asked about his brothers and sisters . He names them. He is then asked . 
how many brothers and sisters, he has, and how many brothers and sisters 
each of his sibs has. V/ith the coming of concrete operations, the child 
comes to understand that he must be counted as a brother or sister for his 
sibs. 
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Figure 13 shows the scorings of data for the Brookline sample. An 
egocentric response pattern was one where the child failed. to include 
himself as his sihs' sib; a mature pattern was one where he cleeurly did 
so include himself; a pattern labeled 'other' was a mixed or indeterminate 
pattern. The pattern of results is consistent with that to be expected 
from Piaget's work, although the evidence for transition is somewhat 
weaker than one might have expected. 

Trapezoid Illusion . An important development in the 5-7 age range 
is the group of 'conservations" studied by Piaget. An interesting test 
of the presence or absence of size conservation has been studied by 
Charlesworth (1967). In general, Charlesworth's work has been concerned 
with the indirect study of the acquisition of cognitive expectations 
about the world through the study of the presence or absence of surprise 
when expectations are violated. Charlesworth's study of preoperational 
children used a demonstration of the trapezoid illusion, and a procedure 
was incorporated into the battery based on his. If two same-sized 
trapezoids are vieved one above the other, there, will usually arise an 
illusory Judgment that the top one is larger than the bottom one. The 
viewer tends to be biased by the fact that the long bottom line of the top 
trapezoid is adjacent to the short bottom line of the bottom trapezoid. 

Tile trapezoid procedure developed in our studies was one in which 
the child was shown a trapezoid of one color over a same-sized trapezoid 
of another color. After the child chose the top one as larger, the up- 
and-down positions of the -two trapezoids were reversed in sight of the 
child and he was again asked which one was larger. Ratings were made for 
indications of surprise when the reversal was executed. 

This procedure was an addition to the battery for our last Brookline 
sample, the one whose data are being presented here, and the evidence 
coming from this group and from subsequent African and V/eston samples 
indicated that it did not work particularly well. Figiire 1I4 gives 
Brookline data for the percentages of children at each age who shifted 
Judgments after the illusion was reversed. One would generally, from 
Piaget's reasoning, expect the youngest group to show a higher percentage 
of shifts in Judgment after the reversal (because they are more guided by 
the perceptual or the immediately-given). This did not occur, quite pos- 
sibly because there may be a tendency for younger children not to be 
susceptible to the trapezoid illusion to the some extent as the older chil- 
dren. Another aspect of Piagetian theorizing, his developmental analysis 
of perception, holds that as children grow older they become more and more 
capable of visual ' decentering* and consequently more susceptible to some 
illusions and less susceptible to others. It is possible that the trapezoid 
illusion is one that increases in power with age, but Pick and Pick's 
(1970) recent review of age changes in illusion strength does not mention 
this one. Figure 15 shows the data for the ratings of surprise in the 
three age groups and these data are modestly consistent with expectations 
from Piaget and Charlesworth. There is a trend towards more evidence of 
surprise as children ere older. Not all children show the kind of dramatic. 
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extroverted surprise that might ^e captured by a rater and it seems most - 
likely that vhat is manifest in tr;,e figure should be regarded as sampled 
evidence* Of course, one co\ild ar^e that this developmental trend could 
be an expression of a growth in strength of the illusion upon which the 
surprise depends. \ 

Picture Recall . One of the origir^l items included in the battery 
was a task in which an array of picturesVwas placed before the child and 
he was asked to sort them. The pictures were line drawings of concrete 
objects, Annett (l959)j in a rather well-designed study, has reported 
several kinds of age trend in the way in whYch children tend to group the 
pictures. The age trends seemed suggestive about the way in which chil- 
dren categorize or conceptualize objects. During the development of the 
battery, interest shifted towards tests of recall of the objects because 
of the possibility that clustering during recall might be a more direct 
measure of concept usage less complicated by some of the mechanical is- 
sues that arise when children are asked to physically manipulate pictures. 
Clustering occurs when subjects tend to deliver their recall of a set of 
items in sequences suggesting that they have internally grouped the ob- 
jects by category. 

In previous studies in this series, pictures were given to the chil-Q 
dren in a mixed array on a table and the children were asked to put to- 
gether those pictures that go together. These pictures were modelled upon 
Annett 's pictures and, generally, data obtained had been consistent with 
expectations from Annett' s work. In the Brookline study under discussion 
here, the presentation had been modified to try to get at clustering in 
memory. Thirty pictures were placed one by one on the pages of a book. 
The children were shown the pictures and asked to name them. Then, after 
a brief interval, the children were asked to recall the pictures in the 
book. 

We had expected that clustering indices would increase with age, 
following Bousfield, Emerson, and Whitnarsh (195S). Me found no age 
trend in this sample, although we did find a strong age-increase in 
recall (Figure l6). - 

Face-hand Test . The face-hand test was developed by Bender, Fink, 
and Green (1951) as an' inc^icator of brain damage, and was then subsequently 
shown to change with age (Fink and Bender, 1952). The name of the test 
is somewhat of a misnomer because the issue is the general ability of the 
subject to register two simultaneous touches, one more proximal and one 
more distal. One pair of proximal and distal skin sites is the face and 
hand but other pairs give a similar pattern of response. Before six, the 
child touched simiiltaneously on the face and hand will report only the 
touch on the face. After six, he will report the sensation of both touches 
simultaneously. It is interesting that patients with brain damage tend to 
revert to the more Juvenile pattern as, also, will the normal aged. 
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If an adult experiences the test, he-will feel what is probably the 
basis for the children's inability. The more proximal of a pair of touches 
feels much stronger and more salient, and conceivably could be dismissed 
as a negligible detail of the experience. The inability to register the 
tvo touches is not absolute. If one continually re-stimulates a pair of 
sites the :;ubject has a tendency to gradually become avare of the more 
distal site. For this reason, Critchley, in his book on parietal lobe 
disorders, tends to characterize the test as one of "selective inatten- 
tion." 

Children were stimulated with a pair of aesthesiometers in the fol- 
lowing order: right ch^eek; both hands; right hand and right cheek; .left 
hand; right hand and left cheek; left hand and left cheek; right hand; and 
left hand and right cheek* Each tine, the child was asked to indicate 
where he had been touched and, after responding, asked ''just there, or 
also a second place?". 

Figure IT shows the percentage of correct responses obtained for each 
of the age groups in the Brookline sample under discussion. The figure 
gives an age curve for correctness on contralateral stipulation (e.g., 
right hand and left cheek). Data in this series, and in the African study, 
suggest that ipsilateral correctness {e.g., right hand and right cheek) 
occurs somewhat later- 
Signal Detection A signal detection task was devised by 
Charles Super for inclusion in the battery, capitalizing upon his analysis 
of dichotic listening experiments with children by Maccoby and Konrad 
(1967). Their data seemed to suggest a somewhat marked decrease in in- 
trusive errors in the 5-7 age range and the phenomenon seemed worth 
studying in the project effort. 

The child was shown a sheet of paper with eight drawings of common 
objects and asked to identify each picture given its name. With the names 
of the objects established, the child was given earphones and followed a 
tape-recorded procedure. .He would hear a male or a female voice say, 
"Point only to what I say" and then different objects were designated by 
the male and the female voice speaking simultaneously. The child's task 
was to follow the instruction of only the pre-designated voice. Follow- 
ing the instruction of the other voice was scored as an intrusion. There 
were sixteen tj»st trials. 

Figure 18 shows data for the three age groups under discussion here. 
There was a marked increase in the ability of the children to, select ^only 
the predesignated voice and to resist intrusions. Little theoretical mean- 
ing can be assigned. to this age trend in selective auditory attention. It 
resembles findings for children's use of visual stimuli at this age, sug- 
gesting that children become better able to screen out unwanted or b'jtCK- 
ground visual "noise" (White, 1966). However, one needs somehow to re- 
concile such findinf^s with the' age trend just discussed for the facd-hand 
test, where the implication seems to be that older children become moro 
sensitive to peripheral stimulus material. Some experiments will be 
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discussed below in vhich attempts were made to create graded amounts of 
visual "noise" and to systematically explore children's ability to deal 
vlth peripheral cue material. But there has been very little systematic 
vork exploring children's ability to attend in either the visual or 
auditory modalities and there are fev theoretical leads into the finding 
of Figure 18. 

Delayed Auditory Feedback . The phenomenon of speech disturbance with 
delayed auditory feedback is fairly well known among adults. If the 
circuitry of a tape recorder is altered so that a person's voice is fed 
back to him through earphones at a constant fraction of a second delay, 
there is a strong tendency for this to cause speech disturbance. Speech 
slows* There are hesitations and prolongations and, often, studying. 
The speaker will often raise the loudness of his voice in an effort to 
drown out the disruptive sounds he hears through his earphones. 

Chase et^ al. (196I) had conducted an experiment in which they used 
delayed auditory feedback with children, d they had reported that chil- 
dren i| to 6 years of age were not affectec: by it but children 7 to 9 years 
of age were. This was an isolated finding, and at this writing it has re- 
ceived little follow-up, but the finding seemed theoretically interesting. 
It was reminiscent of arguments advanced by both Russian (Vygctsky, I96I) 
and American (Kendler.and Kendler, I962) psychologists to the effect that 
children's language becomes significantly .more self-directing at about age 
6. The Chase et al . finding seemed to suggeat an almost too-simple explana- 
tion. The younger children were somehow not listening to themse^lves speak, 
not registering what their voice was doing. 

Children were given a series of tasks requiring spoken replies. They 
vere asked to repeat a series of words and pictui-es and to name the pic- 
t\ires used in the signal-detection task. They did this once with the 



tdpie recorder giving simultaneous auditojry feedback and once with the in- 
strument set to deliver delayed auditory feedback. Measures of speech 
disruption through delay could then be made by comparing the voice quali- 
ties of the child speaking over delay versus h?.s voice quality when speak- 
ing over simultaneity. ^ 

A number of indi^ves of speech disruption were used in analysis of the 
delayed auditory feedback data. Generally, results were consistent with 
the premise that delayed auditory feedback gives children more trouble as 
they get older. But the delayed auditory feedback we used influenced even 
the youngest children, causing them to speak more loudly. Other kinds of • 
voice distortions were found to be accompanied by idiosyncratic strategies 
, different individuals used to try to get. around the interference of the 
/ played-back voice. Figure 19 shows the tendency towards increased loud- 
i ness at the three ages^ Figure 20 gives data for an increase in time taken 
to speech, and Figure 21 gives data for an index yof prolongations of speech. 

After these data were collected, some findings appeared, which seemed 
to cast a different light on the delayed auditor^ feedback phenomenon and 
which might serve. as a basis for understanding the somewhat peculia ~ age 
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trends ve obtained. Delayed auditory feedback studies are often con- 
ducted by naking a simple modification of a standard tape recorder with 
separate recording and playback heads. The recorder is rewired so that 
the playback head, operating during recording, plays out to the subject's 
earphones. The feedback interval thus obtained is a function of the 
mechanical arrangement of the tape recorder and, as it happens, this in- 
terval produces disruptive speech effects in adults. However, some ex- 
periments have shown that there is a well defined optimal speech-playback 
Interval for adults, and it has quite recently been shown that the optimal 
Interval for children is appreciably longer. If there is a lengthier 
delay, children are quite susceptible to delayed auditoi'y feedback. The 
delay obtained in this procedure was obtained by a simple alteration of 
a Tandberg tape recorder, an instrument often used in delayed feedback 
experiments, but it did not take into account differences that have re- 
cently becccie known in the intervals to which children are sensitive. 

The preceding pages have described, procedure by procedure, a 
battery of 13 tests developed to achieve a sampling of the reported 
changes in%he 5-7 age ran^je. Representative data for American school- 
children have been given using the data from our last Brookline sample. 
This battery was the one used by Guper for his study of African schooled 
and unschooled children, and it was used for a study of transition classes 
in Weaton, also to be described. Enough indication has been given about 
theoretical cxwctations and interpretations from data to indicate the 
present status of this system of testing. A few general conclusions of- 
fered from the series of cross-sectional ventures will be offered below. 

1. The massing of procedures into a testing procedure such as this 
one approximates a straightforward psychometric procedure. It is much like 
the rather well-developed process of assembling something like an intel- 
ligence test or a school readiness test. The studies did not have the in- 
tentions or the scale of a test development project yet, for better or for 
worse, a great deal of the work involved issues much like those encountered 
in psychometric work. Generally, tests bring together items that are some- 
what less rationalized and that are somewhat less connected to known 
theoretical issues than was the case with this set of items. Undoubtedly, 
it would someday be ideal to be able to make up a testing or assessment 
procedure with content whose aims and purposes are known and understood in 
a theoretical sense. Yet, in the present state of the art, this kind of 
treatment of pooled items seems to stand midway between research and 
psychometry, not really satisfactory in either sense. 

2. One intention of the effort, to seek replications of a number of 
literature findings, was satisfactorily carried through. A very high 
percentage of previously reported findings was sustained in re-examination. 
However, 'replication' seems somewhat too straightforward a term for the 
kinds of confirmations that generally seemed to obtain. There are a few 
phenomena of trrrnsition in the 5-7 age period that have been pursued in an 
Malytie researc; literature; American reports of transposition ^nd re- 
versal-Donreversal shifts, and Plagetlan reports of the attainment of con- 
servations, are conspicuous examples. It has been the case that these 
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subsequent literatures have usually led to considerable qualification and 
reinterpretation of the original findings as originidly interpreted. In 
this work, the repetitions of previous procedures almost never yielded 
pat replications. Rather, they yielded data suggesting the beginnings of 
Bodifications or elaborations of findings originally reported as relatively 
sliaple. 

3. Viewing the transitions originally as relatively sinple, an 
original Intention had been to attempt an informal kind of cluster analysis, 
separating relatively early from relatively late changes, and seeking in 
other ways to try to find out which transitions tend to come together and 
separately in time, however, the experience of development of the battery 
to this extent tended to discourage optimism about this. First, it rarely 
seemed that the observed transitions were simple, as noted Just above. 
They rarely seened to reflect one process or one acauisition. Second, in- 
formal experience gathered in the development of instructions and testing 
procedures and scoring suggested that questions-of whether a child manifests 
a competence earlier and later is quite relative to manipulable "performance" 
conditions. It happens through chance and through luck, that some com- 
petences can be assessed using procedures that are relatively clean, with- 
out elaborate Instructions and paraphernalia, and thus relatively easy to 
follow for children. Generally, such competences tend to be found earlier. 
But It is not clear that such competences develop earlier. One may simply 
be able to establish a simpler game with which to draw then forward. 

U. Again and again the issue of cooperation with procedure appeared 
In this work. In both gross and subtle senses. The informal experience 
gathered here suggested that there were significant complexities involved 
when one seeks to involve a child In a rule game over extended periods of 
real time and that a kind of "g factor" governing the body of 5-7 transi- 
tions is the question of how much and to what extent in tine the child 
can play an experimenter's gare and thus deronstrate a COTipetence to the 
experimenter's criterion. In a number of cases, we had difficulty estab- 
lishing instructions so that all children could meaningfully execute the 
task. The question of cooperation with procedure was raised in White 
(1970), and this question was an important basis of the analysis of atten- 
tion span to be offerea below. 



Studies of the Coincidence of Change in Children; An African Study 

During the course of the testing program in the Brookllne schools, 
it became likely that we would have an opportunity to see an extension of 
the work in another culture. Charles Super, then a graduate student at 
Harvard, had received funds from the Comparative International Prof^raa of 
the Department of Social Relations at Harvard for the purpose of examininr 
transitions in the 5-7 age range among African children. From the point 
at which this opportunity presented itself. Super worked with the Brookline 
program in the development and testing of procedures. He was concerned 
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to familiarize himself with the testing. It seemed desirable that he 
become as familiar as possible with the behaviors of children in reac- 
tion to the series of procedures because it seemed certain that such 
familiarity would be helpful in the difficult process of translating 
tests into use with children of another cultxire. 

Super negotiated with several ongoing field sites in Africa about 
possible cooperation with this program. He was fortunate, we believe, in 
that he finally worked out an arrangement with Dr. Alas t air Heron in 
Zambia. At that time. Dr. Heron was director of the Human Development Re- 
search Unit, Institute for Social Research, University of Zambia. It vas 
to this research unit that Super went and, with what must have been splendid 
cooperation, achieved a good-sized African study using the Brookline battery 
of procedures. 

A detailed report of the African research is given in Appendix A. At 
this writing, a revised version of this report has been prepared and that 
revised version, fomally submitted to Zrjnbia under Super's ap^reement with 
them, is in circulation as an H.D.R.U* (Human Development Research Unit) 
Research Report. 

In the African study, the battery of 13 cognitive tasks was admin- 
istered to two sar.ples. One was an urban sample of 192 individuals drawn 
from a residential area of Lusaka. This group seems to represent an 
African counterpart of the typical sample of children usually drawn upon 
for research in the more developed societies, in the sense that it was 
urban and schooled. The children were living in a city with only remnants 
of tribal identification and culture. Beginning at seven the children 
went to school. Their age placements in school were less regular than in 
American schools and, probably, their curriculum in school differed* 
Super's other sample was drawn from two rural villages some 300 miles 
from Lusaka, both of them villages of mud huts with straw roofs. They 
are villages of the Chewa tribe and in both villages traditional patterns 
have Just begun to give way to a current drive to create a developed 
Zambia. However, despite a national drive to create universal literacy, 
schools have only recently been established in the two villages ^nd as yet 
only a few children go to them. From these two villages. Super drew a^ 
sample of 9h subjects with no exposure to Western schooling. -The subr- 
Jects in these two African samples ranged in age from h to about 50 years 
of age. As many subjects as possible were obtained in the age range cor- 
responding to the American sampling but then, to follow up on develop- 
mental trends in later years,, the subject pool was auemented with older 
individuals . 

The African study was undertaken in an effort to examine the exist- 
ence of developmental discontinuities in the 5-7 age range in a different 
cultural milieu and among children who are not exposed to schooling. A 
detailed discussion of the African findings is to be found in Super's 
report given in Appendix A. The report includes figures picturing African 
urban and rural data on the measures discussed above for the Brookline 
sample. The major conclusions reached in the African study were these: 



1) Children under 6 were less able than older children to function 
adequately in standard kinds of experimental-testing conditions. This 
was relatively pronounced for the African sample, but this seened to be 
true in more subtle ways for American children who are ostensibly more 
able and willing to cooperate with the formal demands of testing pro- 
cedures. 

2) During the 5-7 age range there is marked improvement in the tests 
that seemed indicative of the ability to perform visual analysis and in- 
tegration. 

3) During the 5-7 age range, the ability to perceive and use certain 
kinds of nearly simultaneous sensations emerges. 

U) Evidence was obtained for rapid growth in the kinds of indices of 
cognitive maturity studied by Piaget. 

5) Enough modifications of procedxire had to be made to make it im- 
possible to regard the African study as an exact cross-cultural replica- 
tion of the Brookline study. However, rough cross-comparisons suggest 
that the age trends observed in the American and African urban sample 
were quite similar, with some tendencies towards lags or differences in 
performance in the African rural sample. 

Weston "transition class" Study 

An opportunity came to use the testing procedures used previously 
in Brookline and Africa for examination of a special class of American 
schoolchildren. Weston, an upper-middle class suburb of Boston, had 
created a transition class for kindergarten children Judged to be 
"relatively immature" by teachers and therefore at some risk if placed 
in a conventional first-grade class and Judged by first grade standards. 

The definition of "relatively imature" offered by the Placement 
Study Committee creating the transition class arrangement is of some 
interest. 

"This notion (that of relative immaturity) is conceived in terms 
of acclimation to academic situations and is extremely difficult to de- 
fine in behavioral terms. The behaviors in mind are characterized by de- 
scriptions such as short attention span, lack of persistence, high dis- 
tractibility, discordant silliness, and high dependency. The maturational 
notion about the underlying causes of these behaviors is distinct from 
notions about the causes of possibly similar behaviors which are related 
to intellectual deficiency, social-emotional problems, or the perdurable 
hyperactive nature of a child. In other words, the behaviors in mind are 
seen as age-related phenomena which are dysfunctional or inappropriate 
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in the context of certain first ffrade situations . These phenomena must 
be treated differently from behaviors caused by other problems." 

It vas, probably, this statement that teachers in Weston used as a 
basis for their selection of l6 children into a transition class. Usini? 
the battery of testing procedures previously used in Brookline and Africa, 
ve tested these children. Each child vas paired vith a control child in 
regxxlar first grade placement. Each transition class child vas matched 
for sex and chronological ap;e by a regular class child. The l6 controls 
so arrived at vere also tested. 

Comparisons of the transition and regular class samples vere dis- 
tinctly encouraging, in that they revealed a bit of data upon the teacher's 
Judgments. The data points obtained in this study are pictured in Figui-es 
1*21 above. Juxtaposed on the age trends observed in the Brookline sample. 
Filled points are for the regular class children, empty points for the 
transition group. These figures reveal a regular tendency for the transi- 
tion group to give a "younger" mean response than their rerular-class 
counterparts. About half of the obtained differences vere statistically 
significant differences. An effort vas made to enbody the body of data 
in a formal discriminant analysis, but^^esults vere difficult to interpret. 
There vere more measures than subjects and there could be no real meaning 
to the discriminant analysis unless one had four or five times the avail- 
able supply of transition class children. 

Limitations of subject availability and time made it impossible to 
extend the transition-class comparison. Hovever, it seems distinctly likely 
that an extended study vith much larger N's vould reveal that it is feasible 
to develop an objective procedure that vould predict teacher^s Judjc^nents 
of relative immaturity. Whether such effort vould lead to a useful in* 
strument capable of objectifying teachers* Judgments and/or predicting 
first-grade adjustment is uncertain. One might simply be reinventing the 
school readiness test, not one of the most successful or highly regarded 
psychometric instruments. However, this approach to readiness testing 
encompassed items vhose psychological and theoretical meaning had been ex- 
plored and^about vhich there was some understanding. Hovever, a con- 
siderable amount of background and basic research vould have to be under- 
taken vith these and other like procediures before one could arrive at a 
rationalized predictive instrument. 

Note that an important feature of both the Weston criteria and the 
procedures, is the self-conscious direction of interest avay from issues 
of purely intellectual and cognitive competence and towards issues of at- 
tention, persistence, cooperation, and dependency. It is likely that the 
central issues of school readiness can now be ad^'ressed across a broader 
spectrum of developmental issues, and this is manifest in both current 
school practice and the present trend in developmental studies of children. 
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. Development eil Changes in the 5-7 Age Range: An Overvie-v^. 

At this point, ve bring together the results of the several analyses 
previously discussed to try to giva an overview of the developmental 
changes in the ^-l a^^ie range. This overview is useful in that it will 
allow description of the implications of the several analyses for an 
understanding of what is meant by ^'readiness" fpr schooling* It is in- 
troduced at this point in the discussion, because it was the influence 
of this kind of reasoning that led to the specific studies to be dis- 
cussed in later sections of the report. ,We were led by ongoing considera- 
tion of the 5-7 material to frane particular kinds of experimental ap- 
proaches to questions of the developmental organization of attention and 
cognition. 

On the whole, it has seemed more and more likely that the body of 
psychological or behavioral data about developmental change in the 5-7 
age range can only be understood with a parallel consideration ■ of psycho- 
biological data on the one side and social and cross-cultural data on the 
other. The behavioral data, as we now know them, may reasonably be sus- 
pected to express forces or agencies that go beyond traditional psychological 
models of learning. They express maturation. They express social "stagings" 
of childhood — that is, the tendency of human societies to req^uire that 
children as they grow perform in new contexts, satisfy new rules or con- 
straints, or meet new expectations. 

1. There appears to be reasonable evidence to support the belief 
that a maturational component underlies a good many of the observed be- 
havior changes. Evidence for a "mid-growth spurt" in the growth. of the 
general, bodily dimensions of the child is still, at best, shaky. But 
there are diverse signs of brain maturation at loci that would appear to 
be strategic for certain kinds of counterpart behavior changes observed 
at this time. There are apparent changes in children's vulnerability or 
susceptibility to treatment for certain kinds of mental or neurological 
disorders. Some of the behavioral indices that change one way in the 5-7 
age range seem to change back in old age. All this suggests that some- 
thing other than experience or learning is involved in the behavior changes 
in childhood. 

2. The nature or loci of the maturational changes is a matter of ex- 
treme interest. Unfortunately, our present understanding of"the~grovth-of 
the child's brain is limited, as is our present understanding of changes 
in the child's physiology — particularly, the kinds of biochemical and 
endocrine changes that might be most useful in understanding psychological 
changes. One can suspect that changes in the parietal lobe's functioning ■ 
must be involved. There are -riorphological signs of a .full maturing at this 
time, a completion of myelinization in the parietal lobes. Some of the be- 
havioral indices that are reliably observed to change in children at this 
time — the .face-hand test, right-left discrimination, Bender-Gestalt test 
performance ~ have been specifically identified as degraded in adults wi|;h 
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parietal lobe damage. One might suspect that children before the transi- 
tion do poorly on these tests because of imperfect parietal lobe function 
and that older children do better on the tests because of the maturing of 
the parietal lobe. A number of other poor performances of children be- 
fore the transition seem to resemble poor performances of parietal 
patients. That is, they look like "constructional apraxias." Finally, 
one must note that there has been a persistent argument for a linkage be- 
tween parietal Icbe symptomatology and certain types of reading disability 
in the early grades of school. 

3. It seems reasonable to believe that there are other sites of 
maturation that must have an influence on changej-^ in children's behavior 
in this age range. There are indications in the literature of maturational 
changes in 5-7 children in (l) corpus callosum, (2) hippocampus, (3) 
cortical association areas coordinating parietal, occipital, and temporal 
lobe activity; and {h) possibly, several kinds of endocrine function. V/ith 
the exception of the data on endocrine changes — which seem weakest, most 
fragmentary, and most confusinft — each of the other reported sites of 
maturation could be assigned a plausible behavioral interpretation on the 
basis of known neurophychological data. The myelinization of the corpus 
callosura would provide for a coordination of right and left lobe function 
and this could be a likely basis for the coordination of "language" and 
"thought" attributed to the 5-7 age range by both American and Soviet 
theorists. The child would be "split-brained" before the transition. 
Maturation of the hippocampus could account for a reduction of playful, 
emotional socioaf fective characteristics — a reduction in "childishness." 
Maturation of cortical association areas could account for a number of 
findings commonly held to be suggestive of "inter sensory coordination" 
or "cognitive decentration" at this time. 

Such maturational changes, as they become better known, would 
imply more and more clearly the substrate or boundary conditions governing 
behavior changes that occur, or that one might e|)cpect to be trainable, in 
the 5-7 age range. But another set of boundary conditions needs to be 
considered, and this set has to do with changes in the child and in his 
society with regard to their understanding and expectations of each other* 



5. The data of Super, and other similar cross-cultural data, now 
make it plausible to assume that a significant number of basic cognitive 
changes may be observable in children of widely diverse cultures. The 
evidence seems to indicate that a majority of the tests of change survived 
the transition from suburban, schooled America to rural, unschooled Africa*. 
It might be expected that maturational changes in the development of chil*- 
dren would be basis for the expectations of all cultures about children, 
would stimulate some kinds of cultural expectations and would constrain 
others. 

6. There is reason to believe that many and diverse cultures make 
the attribution of heightened maturity and responsibility to children in 
the 5-7 age ^ange. Data reported in White (1968) suggested, quite 
tentatively, a cross-cultural tendency of this sort. As this report is 




-62- 



being written, a more elaborate and careful exploration of the cross- 
cultureQ files is being undertaken by Nathan Fox, Sergio Pirotta, Barbara 
Rogoff, and Maxta Sellars, a group of graduate students at Harvard. Their 
preliminary data, taking in a larger sanple than the original analysis and 
using a more stringent rating system, show a clear clustering of indices 
of social expectations of responsibility in the 5-7 age remge. One night 
expect that Western and American practices — the Common lav and Canon law 
attributions of moral responsibility at 7, the placement of the child in 
school at 5 or 6 — represent one instance of a cross-cultural tendency to 
institutionalize new responsibilities from children at this tine. 

7. There is not a full admission to society, or a full attribution 
of responsibility, anywhere. One suspects that the child is admitted in- 
to an apprentice membership into society. This would imply that he passes 
from what Talcot Parsons would call "particularistic" institutions for co- 
operation into expected "universal! stic" cooperative institutions. He 
leaves the family and must deal with strangers. Cooperation with strangers 
is r\ile-governed and involves particiration in gamelike formal arrangements, 
that is, systems in which the participation between people is embodied in 
formeJ. arrangements. It seem.s significant in this regard that this is the 
age range to which Piaget assigns the first real ability of the child to 
play ride games. [ 



8. One might believe that the "stage" change attributed to the 5-7 
age range is largely a social stage change — that is, a marked transition 
that is more analogous to the event of graduation than the event of 
adolescence. Vhile there are numerou/ small signs of significant* physical 
growth, what may be nost marked about this age range is that societies 
capitalize on an aggregate of sm.all changes in the behavior engineering 

or operating characteristics of children to place the child into a social 
apprenticeship. This would seen to argue that the diverse maturational 
and information-processing and cognitive changes add up to some pattern 
that is socially functional in some new way. 

9. What^fey be socially functional is the following: (l) the 
ability to cetlculate in consensual models of reality (space, time, and 
causality); (2) the ability to understand consensual models of society 
("contractual dependence"); (3) the ability to productively 'socialize* 
his thought by dialogue; and (h) the ability to organize his behavior in 
cooperative rule-governed social systems in which strangers interact with 
one another. All these require more analysis than can be given in this 
summary statement. By (l), it is implied that a great deal of the "cog- 
nitive development" set forth by Piaget is at heart a kind of social de- 
velopment, as well. The child in his acquisition of the various conserva- 
tions is not learning about the orderliness of the physical world; he is 
coming into agreement with the noninalizations and dimen«;ionalizations of 
his cultural group about space, time, number, etc. By (2) it is implied 
that parallel to this is the acceptance of conventional social dimen- 
sionalizations of people and groups in society. By (3) it is implied what 
Piaget and others have asserted as central to the dynamics of this age 
range, an ability to engage in productive dialogue with others, to 
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socialize thought ^ to take the role of the other in cognition. Following 
the full logic of Piaget's analysis, this must imply the beginnings of an 
organization of self- and other- concepts along conventional social dimen- 
sional izat ions. A recent qualifying paper done at Harvard reviews much 
evidence for the child's increasing accuracy and adequacy of social ' 
• judgment: in the 5-8 age range (Pratt, 1973). But, by the very nature of 
the issues, questions of the accuracy or adequacy of the '?hild's social 
Judgment must be seen as irresistably boiling down to questions of their 
consensual validity. Finally, point (H) above, the notion of. the child's 
developing ability to engage in cooperative rule-governed social systems, 
t\rrns. us to subsi\iiary analyses and questions of attention and learning. 

. The Construction and Defense of Attention Span 

One of the most fundamental issues in the consideration of changes ' 
in the 5-T age range is the issue of what we have so far loosely called 
that of "cooperation with procedure . " This issue seems more and more 
central as one considers the body of research data. Indeed, the issu^ 
seems so large that one might consider at once the central problem con- 
cerning the meaningfulness' of the findings in this age range and, at the 

same time, a central finding about the age range. 

> ■ 

Put very simply, the problem is this. Preschool children are 
notoriously poor at c^erating in experimental or testing situations. One 
has to be very careful in trying to work with them but even so they get 
easily confused and when they do they may not realize it or they are very 
likely not to let the experimenter know. They muddle through, showing be- 
havior that is functionally somewhat random. (it is not random in the 
real sense of the term, but from the point of view of the choices posed 
in the test or experiment it often is.) The problem, in view of this, 
is how to interpret findings obtained, when tests or experiments with pre- 
school children are compared with the same tests or experiments with cider 
children. This is almost always the case with' data relevant to the 5-7 
transitions — not always, because some data do not raise the issue of 
cooperation with procedure. 

The test that one must always apply to new findings is a kind of 
test of parsimony. Often a new finding claims some specific inability 
in younger children younger children do not reason, form "Concepts , 
perceive wholes, etc. -In order to evaluate the claim, one must mentally 
. try to think through the procedure as portrayed in the paper. ..ask whether 
the experimenter seems sensitive to the issue and has taken precautions 
and if, even so, one might have obtained the given results through simple 
inefficiency and randomness of behavior on the part of the younger children. ^ 
There is an analogous problem in experiments designed to get at deficiencies 
of schisophrenic thought. Possibly, one of the sources for the persisting 
argument that schizophrenic thought . is "regressive" towards childhood 
thought is the fact that both schizophrenics and children tend to behave 
inefficiently and somewhat randomly in tests and experiments. But when 
the grossly similar deficits of schizophrenics and children are examinee! 
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more closely and caref\:lly, one often finds that schizophrenics are 
making one kind of mistake and children another (Grim, 1?65). To avoid 
confusion, it seems necessary to test findings of specific Inabilities 
in young children af^ainst a hypothesis that they derive fron inefficiency, 
and to suspend Judgment about any tts^trtion of a specific disability of 
younger children if inefficiency or noncooperation would seem to explain 
the finding. 

It would be nice if a soph isti canted reading of research papers could 
always cope with this problem. But the problem nay be hidden. The issue 
is not only a question about whether an experimenter is sensitive to and 
knowledgeable about children. There have been repeated cases in the re- 
search literature in which experinen. ers equally adept in working with 
children have cone ih^o differences of opinion about the nature or the 
age-placement of developmental changes. To cive one example out of a 
number that are possible, some years ago Lipsltt and Serunian (19(^3) pub- 
lished an article that seemed to demonstrate that^ children could not solve 
oddity probler.5 until they reached seven or cirht y^ars of are. '"he arti- 
cle was reasonably convincing and, since it was consistent with seme 
Piagetian arguments about the development pf concrete operations, night 
have been accepted. But Levjn and Hanerraesh (19^7), curious about this 
finding, ran a series of rroups for whom testing procedure was systenatica! 
varied and produced lower and lower age of solution with progressive sim- 
plifications of the procedure. They argue: 

"The implication is that in many laboratory studies the 
essential learning has been the discovery of the game 
that E was playing." 



The central problem with findings concerning 5-7 changes seems to 
be this: we do not know how to interpret wholesale reports of percep- 
tual, cognitive^ linguistic, and other changes in chil ren at this tine 
because we may suspect any or all of the reports to reflect a generic 
improvement in children's ability to cope with standard tests and pro- 
cedures. 

But, at the same time, the most central finding about the age range 
may be this very decision about the artifaql — • that is, that children 
suddenly become much better in playing the geunas that testers and ex- 
perimenters play with them. We do not have a sudden blooming of a 
ramified set of new competences. We have the appearance jf a performance 
capability through whicn, suddenly, a range of corpetences are made 
manifest. 

We need to ask what this performance capability might be, and a 
reasonable way to examine this is to inquire into some well-known issues 
in testing preschool children. 
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Special Characteristics of Procedures for Young Children i 

There is an art in setting up experiments for young children, not 
wholly given in the art of testing older children -or adultsv ^Most 
psychologists are fainiliar with the general limits or constraints that 
apply to_._experiments with human adults, either because they have ex- 
perience with such experiments or because, being adults themselves, they 
can readily and easily empathize with what adults can handle. They know 
naturally how long and how com.plicated the instructions can be, how much 
they can ask of the subject without producing fatigue or boredom, ■ what 
motivates adults, what their manipulative capabilities are, etc. 

For many psychologists, there must be a self-conscious adjustment 
of approach when they address themselves to preschooT children. Preschool 
children have Gpecial and at times sui*prising limitations. It seems pos- 
sible that if we consider, these limitations we will begin to identify 
some of the generic issues involved in children's game playing. The dis- 
cussion here follows that in White (1970). Generally, one must take the 
following kinds of special precautions when attismpting to engage very young 
children in experiments: 

— One must spend some effort in the prior creation of "rapport" with 
young children. Prescl^ool children, particularly the younger ones, are 
shy with strangers and so one spends time to establish a familiar and 
friendly status. The issue . of "liking and warmth is important in eliciting 
entry into an experiment in the first place and then in keeping continua- 
tion. Young' children seem to stay in. experiments b^^cause of experimenter' 
approval and, indeed, the experimenter must be • extremely caretful not to. 
become a significant distractor. The children vill try to watch his face 
and do what he seems to want them to do as oppof^c-d to playing the game* 
The child's success or failure on the task is often defined- largely by the 
way the experimenter reacts, not by objective performance. By the time of 
the early school years, this has visibly ■ changed. Children will readily 
deal with strangers. They are aware of what the demands of the game are. 
They test their competence against those demands and will often react 
negatively if the experimenter tries to "kid" them — give approval when 
plainly they are doing bcidly. 

— One arranges as simple a visual and auditory environment as pos- 
sible. One tries to keep out distractors. One tries to make the physical 
loci of attention and action — the stimulus windows, the response 
targets — as salient as possible and, usually, as close together in space 
as possible. As one gets experience with a test or experiment, one tends 
to intuitively seek a right pace aiad right rhytlim — not too fast, not too 
slow, not too regular, not too irregular — and things seem to go better 
aftcir this is settled. There are more favorable arrangements of .the pro- . 
rcdure" in terms of spatial and temporal organization. Until one finds them, 
one tends to sense that the child is disrupted or distracted. 
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— One.nev^r gives a young child lenghty verbal instructions. The 
sl\orter and briefer the verbal instructions the better. One leads, the 
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child's attention and action by gesture. One points to the cues. In- 
structions are usually nixed with acti.ial r.otor rehearsal of the noves 
the child will later make in the course of the procedure. 

—When he bef::'.ns the procedur^i, the experimenter usually taJ^es pains 
to conspicuously ''i.otice" the first few times the child behaves correctly. 
The experimenter srys, "Good!" or praises the child. He does this because 
he is not conpletely : ire the child knovs what he is supposed to do, and 
this noticing is intended to supplenent the instructions. 

— Periodically thioughout the task, one '-ends to repeat to th*^ child 
a sentence or a phrase that recalls his roal to hir.. One does this be- 
cause one is always a little uncertein about the naintenance of the 
child's plan ovrr time and one wants to refresh the plan. 

The above are the najor kinds of procedural <^afep^^ards that are 
typically taken in work with young children. Consider what these pre- 
cautions imply: 

1. They imply that youn^:er children have r.ore difficulty in work- 
ing with stranrcrG. In terns of the analysis of learning proposed in 
White and Fishbein (1972), one important consequence of this would be that 
they night be expected to show more interspersed episodes of social 
rcGulatcry behavior in t^'c co^ar:;e of time. v;iute and FichLein propose a 
scheme in which episodes of cognitive, social, and nood-tension reculatory 
activities "time share'* in the elaboration of. behavior in real tir.e. 

2. They imply that younger children are more distract ible and that 
they have more difficulty learninf^ in noisy situations. 

3. They imply that younger children have more difficulty sustaining 
a plan, or sore significant aspect of a plan, over time. 

Such performance difficulties of younger children may be regarded as 
closely associated with what has traditionally been viewed as problems of 
"attention span." Children have difficulty doing .he *'same thing" over 
time* This is not simply ar. issue in what is somtcimes called the 
maintenance of attention or the maintenance of set. Almost all task? that 
extend past one or two seconds in time require somethini^ more than s fixed 
gaze or a fixed focus. They require strateric direction and redirection 
of orientation, shifts from episodes of predominantly visual activity to 
predominantly motor activity, etc. Furthermore, because no environment is 
so pure that it is completely free of intermittent distractor cues i they 
require periodic reconst itution of an ongoing plan of behavior after in- 
terruption. One must ret^ard "a^^tention span" ... sustained task activity... 
as a system of behavior that is constructed and defended in order to have 
an integrity over time* 

The experiments to be described in the sections that follow were 
directed for th^ most part at issues of attention span and development as 

O 
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outlined in the discussion Just preceding. They were designed to extend 
this kind of analysis of the issues of development of performance capability 
or attention span. 

Quasi-neurological Indices and Conservation 

One set of studies undertaken by Gunnoe (l9T0) was undertaken in an 
effort to explore more sensitively the possibility of a relationship be- 
tween neurological developnent and cognitive chance in the 5-T ap:e range. 
The paper by Gunnoe describing the research is given in Appendix A and the 
findings will be briefly noted here. 

Gunnoe examined two /rroups of first grade children, one drawn from 
Weston, an upper-middle class suburb of Boston, and the other drawn from 
a lower or lower-middle class area of Cambridge. He gave both groups two 
sets of tests, one directed at neurological status and the other directed 
at attainment of several of the Piagetian conservations. 

The neurological set consisted of two parts, one part the set of 
three Bender-Gestalt items previously used in the research reported above 
(the Brookline-Africa-V.'eston series) and the other a set of tests of as- 
sociated movements. The Bender-Gestalt tests requires that the child re- 
produce drawings that are shown to him, and the drawings the child makes 
are scored for omissions, rotations, and distortions. The tests of as- 
sociated movements ostensibly involved a rather different issue. In these 
tests, the child was asked to execute a moderately difficult motor movement 
and scoring was made if there were "echo" movements elsewhere in the body* 
In four of the five tests, the child was asked to execute something with 
one hand and an associated m.ovement might occur in the other, noninvolved 
hand. In the fifth test, the child was asked to walk in an awkward way 
and nj\ associated movement was scored if the hands confoined. 

Errors on the Bender-Gestalt test tend to decrease markedly after 5 
or 6, as has been nottd above. Associated movements are known to de- 
crease witji age as children grow older, although there is no marked 5-7 
transition in their decline. Both the Bender-Gestalt performance and the 
associated r.ovements tests were considered to be "quasi-neurological" be- 
cause of their history of use in neurological diagnosis. They are omong 
the battery of behavior tzsts used by clinical neurologists in at- 
tempting to diagnose dysfunction of higher cortical centers. Negative 
signs on such tests in children, of course, could not be considered evi- 
dence of brain damage or abnormal status. But there is an argument to be 
made that they might be indicative of normative processes of cortical 
organization during the course of postnatal neural development. Indeed, 
such associated mover.ents have been used in the literature of pediatric 
neiirology, considered as an index of the development of cerebral inhibitory 
systems or, more grossly, as an index of neurological maturity. 



Cunnoe's Piagetian set consisted of three of the typical situational 
tests. He ga\ • the children what have by now become fairly standard test- 
ing routines for conservation of substance, conservation of number, and 
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cross-classificatlon. For each test, the child's responses were used to 
classify him as a Nonconserver , Transitional, or Conserver. 

Numerical values were assigned to performance on both the neurolof^ical 
and conservation sets of tests. Generally ,\Junnoe *s studies found evidence 
for an association between the scores obtained in the two sets of tests. 
Children who made fever distortions in Bender-uestalt drawings and who 
showed fewer associated movements tended to show more conservation on the 
Piagetian tasks. 

For the Weston sanple, the correlation between the neurolop^ical and 
the conservation tasks, with tge partialled out was .56, with IQ partiarMed 
out, .57. For the Cambridge sample, the equivalv^nt correJlaticns'^ere .7^ 
and .69. The Cambridge sample showed more ne{^9.tive signs on the neurological 
tests and less conservation than the Westorfgroup. Probably, the higher 
correlations for the Cambridge study might be explained by less restric- 
tion of range, a broader spread of scores on both' neurological and con- 
servation instruments, than was obtained in Weston. 

Subsequent studies revisited the two groups to obtain some indica- 
tion of the reliability and stability of the measures. The neurological 
tests were re-administered to 28 of the Cambridge sample between 9-35 
days after f irst-testin.'3. The test-retest correlation was .75. This 
might suggest that the neurology-conservation correlation was about as 
high as the reliability of the neurological assessment would permit. 

Between 109-136 days (about four months) after first testing, there 
was a complete retesting of 28 of the V^eston sample, both neurological 
and conservation testings. There had been measurable improvement in 
both kinds of test scores over the four-month interval. The correlation 
new between neurological and conservation measures, age and 10. partialled 
out, amounted to .^42. This shrinking of the V/eston correlation over time 
might have been due to a further truncation of range over time. 

The possibility raised by Gunnoe's studies is of some interest, and 
lies in a direction that has so far been little explored. There have been 
few attempts to cross-link specific cognitive and neurological changes with 
a^e. Although there io by now a large literature on American testings of 
Piageti€ui hypotheses about the development of the conservations, most of 
the literatuj'e has been concerned with the thrust of the central theoretical 
assertions offered by Piaget. The literature has been directed at assessing 
the value of structural or stage arguments as explanations for the change. 
Piaget has made it abundantly clear that he believes maturation is at work 
in promoting children's cognitive development, equally clear th^t he does 
not regard maturation as a sufficient explanation, but he has never ex- 
perimentally explored the influence of maturation. Gunnoe's analysis 
seemingly takes out the possibility that the connections between develop- 
ing neurological and conservational indices can be ascribed to coincidences 
of age or IQ. It suggests that there may be a maturational substrate to 
performance on the conservation tasks. 
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The nexirological tests given in Gunnoe's procedure have a history 
of association with problens of performance in school, ascribed to 
"mlnlmcd brain damage/* "hyperactivity," "impulsivity ," "poor attention 
span," etc. We do not Know yet how much of the basic substance of cog- 
nitive development one can assign to '-,uch perfomance factors, as op- 
posed to competence or structural factors. This question needs to be 
addressed, not only with respect to the Piagetian cognitive developments 
but with respect to the range of cognitive factors. 



Studies of the Development of a Problem-Solving "State" 

There have been repeated indications in the literature that hioman 
adults faced with a formal test or problem may successfully establish a 
special problem-solving state, marJced off by distinguishing psycho- 
physiological characteristics. The objective indices of such a state 
might correspond to what we feel and speak of as concentration on a task. 
There is a respectable and intorestinc; literature relevant to this with 
adults used as subjects, but only one or two papers on children. Chil- 
dren are difficult subjects to use for psychophysiological studies and 
this probably best explains t:;e shortage of data about them. However, one 
study done with children' was suggestive and we therefore developed a series 
of studies in which some procedures were developed with adults and were 
then used with children in a study of development. Papers describing this 
research in some detail are given in Appendix A (Elias and Vfhite, 19^9; 
Elias, 1970, 1971) and it will be briefly described here. 

The studies were concerned with rule induction, with problems of- 
fered in a trial by trial format. Early in the series, discrete prob- 
lems were given one by one. f^ubjects were given pairs of item, choosing 
the right or the left item, by signallin/? on one or another response but- 
ton. Each tine, after choosing, the item that should have been correct 
was signalled to them. Then a new pair of items was given; they chose; 
a signal was given again. Subjects solved a series of items by reco:^ni2- 
ing a principle — word meaning a liquid, number that is a multiple of 
three, capital lette^ containing an acute angle. \^en they recognized 
the principle, they 'could and did choose directly every time. 

In an experimental format like this, one could reasonably study 
"off" events — that is, psychophysiological events suggesting that the 
rule had been generated and the problem solved. This was done experi- 
mentally by analyzing psychophysiological response characteristics b^^fore 

and after the point of solution specifically, on trials before the first 

trial of a criterial series versus trials after the first criterial trial. 
One assumes that when a subject enters into a run of trials without errors 
that he has grasped the rule and that what follows during criterion is 
mechanical and does not really involve effort with the problem. In addi- 
tion, some problems given the subjects went on and on without any solution. 
The subject did not give an errorless run nor did he indicate solution 
upon inquiry. 
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The trials of the induction problems vere given vith accompanying 
psychophysiological recordings. For each trial, skin potential, finper 
vasoconstriction, and response latency vere recorded. Early work vith 
high school students indicated that the skin potential and response 
latency measures at least, and possitly the vasoconstriction index, 
shoved early-to-late changes suggested that they tended to decrease after 
problems vere solved. This kind of finding, suggestive of a lovering of 
orienting excitation after problem solving, vas consistent vith a con- 
siderable amount of previous research (Germana, 1968). 

A problem vith this design, hovever, vas its unsuitability for the 
study of the recognition or initiation of problems. As in most studies 
of problem-solving, the organization of the procedure confounded the first 
trial of each problem vith starting events and vith the offering of novel 
stimuli. Each problem vas run through vith its set of slides. Then, 
when the problem vas comrlcted, there vas a pause and the slide projector 
vas reloaded, arrangemen 3 given quick check, and a nev set of trials 
begun. The events of starting are prenerally reflected in psychophysiological 
measures. Subjects take a fev trials to ''settle dovn." If one wanted to 
study "on" events, psychophysiological indices of the recognition of a 
problem to be solved, such recognition had to be dissociated from starting. 

A procedure vas devised in which series of rule induction problems 
vere used. One problem built on the next one. The subject would have 
to induce the rule 'even number' and then, having done so, he would be 
faced vith a pair of even numbers to begin vork towards the rule 'tvo- 
digit even number,' etc. The procedure ran smoothly along from one prob- 
lem into the next. 

High school students vere used for this research and, again, psycho- 
physiological measures ve're tal;en concomitantly. Since vasoconstriction 
indices had not vorked veil, heart rate measure? were substituted, so that 
trial-by-trial measures were taken of skin potential, response latency, 
and heart rate. In this study, both "on" events and "off" events were 
found on skin potential and response latency measures, although heart rate 
measures appeared insensitive to either the beginnings or the endings of 
problems (Ellas, 1970). It was argued that the recognition of the problem 
by the subjects instigated a "labile period" that perristed until the 
recognition of the solution of the problem. 

In the final research of this series, the procedure developed above 
vas modified for use with children. The major modification lay in con- 
structing new series of rule induction problems that were appropriate for 
younger children. Children vere drawn from a Cambridge school in a work- 
ing-class neighborhood, 16 childr'^n from each of Kindergarten (age 5-6), 
Second grade (age 7-8), and Fourth grade (age 9-11 )• 

Elias's expectation^ based on interpretation of a few pieces of 
previous research, was that the labile state previously identified among 
high school seniors might be forming in the age range sampled in the study. 
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Accordingly, the design and primary analysis of the research with the 
three age groups corresponded to that previously executed with the high 
school group, but the centrail issue of the study rested on secondary 
analyses in which age comparisons were undertaken. ■ 

Elias provides the best suimnary of her own research: 

"To summarize what has been found: A labile period was found in 
9-year-olds which continued from recognition to solution of a problem. 
In 7-year-olds it was present but erratic, but in some measures more 
evident for the skillful solvers. In 5-yeer-olds there was a momentary 
surge of response at recognition of a problem but lability did not con- 
tinue until solution. These results appeared in both the latency and 
skin potential measures, more strongly in latency. 

"Cognitive hypotheses were put forward which are supported by the 
findings outlined above. First, the 5-year-olds were found to stop pro- 
cessing the probler.s almost immediately which meant that if they didn't 
solve at once they were unable to solve at all. This inference can be 
related to the rather vague notion of attention span, but these data do 
not distinguish between a stop rule determined by elapsed time and one 
determined by number of hypotheses tested by the child. The concept of 
attention span seems to imply that the limit inr; factor is time. The 
limit could be set instead by number of cognitive units which can be 
processed. The nature of the stop rule would be an intriguing subject 
for further research. 

"Secondly, it was postulated that the 5-year-olds were engaged in 
a different enterprise from that of the older children although all 
had been given the same instructions and the same task. The younger 
children's notion of the task seemed to be to respond to each picture. 
They organized the pictures into problems only briefly and sporadically. 
Other unrelated organizations of the task were satisfactory to them. 
Their cognitive processing was inferred to involve solution of problems 
such as *How can I please the lady?' and 'VTiat game can I make out of 
this which will please me?' rather than the problem which was set by the 
instructions. The organization of information implied five-year- 
olds* perfonnance was interpreted as due to processing of trials in a 
linear sequence with loose connections. It was suggested that a shift 
of developmental stage had occurred, or was in the process of transition, 
by age ?• The higher stage beginning at T and consolidated by age 9 
involved processes of trials as instrumental to an overriding task of 
solving a problem. Operations were nested into a hierarchical organiza* 
tion so Constructed that it could execute a^ number of operations on each 
trial and keep track of each over a series of trials." 

. (Elias, 1971 » pp. 65-66) 

The "labile state" identified as associated with the problem-solving 
of high school seniors in this research is in a curious way consistent 
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and inconsistent with previous research. The labile state is generally 
indicative of a kind of heightened excitability — specifically, ex- 
citability to the signalling events of the problem format* The previous 
research that had led towards this line of research had similarly sug- 
gested a special problen-solvinr: state, but the emphasis of the analyses 
had been towards the postulation of a state of lessened excitability, of 
heightened thresholds. This had been the emphasis of Kahneman's research 
on pupillary gradients durinrr; problem solving (Kahner.an and Beatty, 196T), 
and of the series of studies done at the Montreal neurological Institute 
on muscle-tension f^radients durinc problem solving (Malmo, I965). Perhaps 
what is fundamentally involved in the similarities and differences between 
these lines of research is a mechanism that John Lacey at Fels has su^^- 
gested, a kind of tradeoff in direction of excitability. Our research 
and research of the kind reviewed by Germana (1968) has suc/^ested a 
heightened excitability for problem-relevant events, while that of 
Kahneman and Malmo may reveal a compensating dampeninc of excitability 
for extra-problem events. In this connection, it is of some interest 
that work done ir. Malmo 's laboratory (Elliott, l^^^li, 1966) suF^ests the 
development of muscle-tension gradients in children at about the same 
age range as that given by Elias for the full organization of the labile 
state* 

Organization of Picture Sequences 

The analyses of attention were concerned, in several ways, with 
factors that were suspected to mediate the temporal organization of 
the child's behavior. One issue, the classical issue of attention span, 
was the issue of how the child maintains or continually reconstitutes a 
plan of activity across r^al time until the plan is either completed or 
set aside deliberately. Gunnoe's analysis of neurologicetl signs and con- 
servation was based on the suspicion that the weakness of preoperational 
children in tasks like the Piaget conservation task or the Vygot sky* con- 
cept sorting task might lie in the child's inability to maintain organized 
constructive activity over tim.e. This was seen as akin to vhat neurologist 
call "constructional apraxia** or "ar.orphosynthesis." Elias's sequence of. 
studies sought to find a sustaxned T)roblem-solving state. The argument 
here was that. adults might have available a psychophysiological mechanism 
that protected the integrity of a line of behavior over time, that allowed 
concentration and tended to provide barriers to distracting cu^^s. 

A seQorld developmc»ntal issue of temporal organization might lie in the 
ability of the child to orf^er a set of events experienced across time. 
Adults effortlessly perceive the connectedness of adjacent events across 
time. If an adult perceives at time^ two short fat glasses equally filled 
with water, at time^ the contents of onr of the two glasses being trans- 
ferred to a tall thin glass, and at time^ a short fat glass with water at 
one level and a tall thin glass with water at another, he will integrate 
these three perceptions across time and assert, conservation. Indeed, there 
is no other way for an adult to make the Judgment of conservation in the 
basic Piaget situations except for a proper cross-conn'-.tion of a series 
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of temporally ordered percepts. One hypothesis that might explain the 
Inability of younger children to solve such problens might be that they 
do not remember the earlier percepts or, more likely, that they do not 
see as necessary and obvious the need to connect them with the present 
percept to make a judgment of it. 

Almost all tasks of Judgment and problem-solving require an integra- 
tion of experiences or Judgments across time. There are various reasons 
for suspecting that younger children have difficulty in moving thought 
across time in such tasks. If this suspicion is true, it could be one 
source of the poor attention span of younger children. Children do not 
maintain behavior over time because they tend more to experience events 
episodically, and do not easily recognize "plot lines" in naturally oc- 
curring sequences of events. 

An attempt was made to study something analogous to naturally oc- 
curring temporal "plot synthesis" by using specially developed picture 
sequence cards analogous to those used in the Wechsler Picture Arrange- 
ment cards. Cards were drawn up to make picture sequences. They were 
of four kinds and could be Abstract or Narrative, J^inple or Noisy. An 
Abstract set consisted of five cards picturing an ord';3rly physical trans- 
formation ~ an object getting larger, an abstract shape adding elements, 
one shape being sequentially deformed to make another, etc. In Simple 
Abstract sequences, the only change from one card -to the next in a 
sequence came in the visual element or elements that were in the process 
of orderly change. In Simple Noisy sequences, extraneous abstract 
elements were added to the cards of a set. In Narrative Simple sequences, 
the drawings were of real objects and the sequencing of the cards were 
not derived from simple changes in the shape or components of the figures 
pictured on the cards. The card sequences pictured stories and had to be 
understood as narratives of human events across time. There was a sequence 
that extended from a picture of a baby to a picture of an old man. An- 
other showed men building a house. Still another showed lumbermen driving 
into a forest, cutting down trees, and driving away with wood. Narrative 
Simple sequences contained Just enough drawing to indicate a stoi*y line. 
Narrative Noisy sequences contained extraneous elements. For example, 
in the Noisy version of the lumbermen story, one frame shows a car driving 
by, another shows a fox looking at the men; neither the fox nor the car ap- 
peared elsewhere in the set. 

In the use of the cards, the children were first given each pack of 
sequence cards and asked to arrange them so they tell a story. After the 
child had arranged the cards, he was asked to tell the story given by his 
arrangement of the cards. Two kinds of attempts were made to study the de- 
velopment of the ability of the children to sequence the cards, neither of 
them wholly successful. 

A first attempt arose from arguments to the effect that the best way 
to explore children *s understanding of problems. was in a training rather 
than in a testing format. Accordingly, working in a rather intuitive and 
ad hoc fashion, we attempted to develop a procedure in which ve first 



administered a few sequences of cards to children to establish their 
performance level and then attempted to coach them towards better per- 
formance. The children vere kinderp:arten through second grade school- 
children in Arlington, Massachusetts. We vere net able to convincingly 
develop training arranged in this way. The simplest way to character- 
ize an approach to brief training in this vay wovJd be to say that it is 
inadequate. Children appeared to respond to the. sequence tack in an all- 
or*-none fashion. They showed clear inprovenent with age in the age ranre 
being surveyed, but the improvement did not appear to be "interesting." 
Some younger children seemed totally confused by the request to sequence, 
and the brief coaching that was tried did not appear to influence this. 
Some younger children easily grasped the notion of sequencing, but tended 
to make procedural errors. A common and somewhat interesting error of the 
younger children vas their refusal to disrupt card arrangements once laid 
down. They would be given a pack of cards and would pick up the first three 
cards and place them in correct sequence (thus indicating that they grasped 
the principle of sequencing). Then they would pick up a fourth card which 
should properly go in the midst of the set already placed, would hesitate, 
and finally place the card on one end or the other. The oldest children, 
the second graders, all grasped the sequen-ring principle and made only a 
few careless errors. 

More difficult cards vere drawn up for another kind of experiment, 
vhlch vac given in a testing format to first and third graders. There 
were 30 first-grades and 30 third-graders, vith each child given trials 
with the four types of sequence cards. The expectation vas that there 
would be an Age X Noise interac^^ion in ability to deal with r.he sequenc- 
ing of the cards. It vas expected that the younger children vould be 
more thrown off by noise than vould" the older children, confirming in 
another format the trend of previous results by Walk and Saltz (1965)$ 
White (1966), and Brovn (I969). Results shoved statistically significant 
tendencies for older children to do tjetter than younger, for Narrative 
problems to be easier than Abstract, and for Simple problenis to be 
easier than Noise problems. But the expected Age X Noise interaction did 
not appear. 

Some qualitative analyses vere urdertaker. of the stories that chil- 
dren routinely, told after making each arrangement. There vas no con- 
sistent relationship betveen children's ability to make a perfect arrange- 
ment and to give a reasonable account of the principle of sequencing. Some 
children gave imperfect arrangements of the cards, yet gave a completely 
adequate statement of what the sequence vas about. Others made consistently 
perfect arrangements of the cards, yet gave consistently lengthy and con- 
fabulated narratives about the cards that consistently avoided the point 
or the issue of the sequencing. There vere clearly story-telling "styles" 
among the children, rather strikingly diverse ones. There vas a tendency 
for older children, more than younger, to respond to the Narrative Noisy 
picture sequences by trying to think of ingenious *vays to incorporate the 
extraneous visual elements in,to their story lines. But on the vhole it 
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seemed that the issue of telling a story about a set of sequence cards 
seemed to arise after the sequencinft, and the story-telling was not ob- 
viously revealinf^ about the mechanisms govrrning the sequencing. 

Th.ls line of research did not develop in a way that seemed useful for 
the issues beinp addressf?d. The approach being taken to questions about 
children's temporal integration was indirect and it did not seem ultimately 
worthwhile to try to invent ways to use the sequence cards productively 
with regard to the issue. 

Effects of Stimulus Noise on Performance 

The failure to find an .'.ge x Noise interaction in the previous line 
of research was a natter of some concern because, empirically and 
theoretically, the existence of af^e x noise interactions was taken for 
granted in the analysis of attention bein?? undertaken in the project. 
That is, much of the project's desirn rested on an expectation that pre- 
viously observed interactions of this sort, observed in repeated experi- 
ments, reflected a tendency that should be demonstrable in almost any 
problem format. Furthermore, both coirmon exDectations about children as 
well as several interesting lines of theoretical argument assume that 
younger children are more disturbed by distraction than are older children. 

Several further experiments were undertaken to explore the effects of 
noise on the performance of children of younger and older age levels. 
These experiments are detailed in Appendix A (White and Mansfield, 1969; 
Mansfield, I9V0) and their findings will be briefly described here. 

A first approach was made by establishing an experiment which included 
a direct replication of a previous design in which, repeatedly, are x noise 
interactions had been observed. The replication sought for was not ob- 
tained (V/hite and Mansfield, 1969). It is not clear why. Scientific logic 
should have dictated subsequent attempts to explore the nonreplication more 
extensively, to try to establish the basis on which one could or could not 
find the effect. This was not done. The major reason for this was that 
the principal investigator, at one point in his career, had once spent a 
year of time and the time of over 500 subjects in a repeated, fruitless 
pursuit of a finding that had seemed solidly established through replica- 
tions in three different procedur<;s. 

A fresh approach was taken to the problem by developing a different 
format by which studies could be undertaken of the effects of noise on 
children's problem solving. A standard simultaneous discrimination format 
was modified to allow for the introduction of graded amoxints of visual 
noise. The child began each problem with trials on which his choice cues-, 
line drawings, were presenteu to him in a straightforward manrer. Ten - 
levels of visual noise were set up, by preparation of plastic overlays in 
which from 0 to 32 line-drawi g shapes were randomly dravn on the field. 
At the lowest level of the series, the visual choice stimuli were being 
viewed through c]:.*ar plastic. At "^he highest level of the series, the 
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visual stimuli were being viewed through a Jumble of other figures. The 
serial set of more and more noisy overlays were used to arrange the trials 
in what approximated an ascending method of limits of psychophysical pro- 
ced\ire. That is, each time the subject vas correct an increment of noise 
vas nddr-^d. But, when the subject vas incorrect, the next trial dropped 
back to the 0 level. 

Thirty fifth-graders in Walthan were used in a first experiment with 
this technique. There were two kinds of visual discrimination problems, 
one with constant cues and one with evolving cues, pairs of line draw- 
ings that gradually changed shape from one trial to the next. Results 
showed that the children could sustain correct choices of a constant 
discrimination nt the highest noise level of the series. But the evglv- 
ing discrimination could not be sustained except at more moderate levels. 
There could be no question of the perceptibility of the discrimination 
figures amidst the noise; the uniformly high performance of the children 
in the constant discrimination indicated such perceptibility. What ap- 
peared to be true was that there was some sort of tradeoff between the 
'perceptual* work involved in penetrating the noise and the 'cognitive' 
work involved in sustaining performance on the evolving discrimination 
(White and Mansfield, 19^9). 

In subsequent research, Mansfield (1970 ) attempted to study age 
differences in the handling of noise using a modification of this format. 
He used the kind of visual procedure indicated above, in which increments 
of visual noise could be added to visual discrimination problems ot three 
degrees cf difficulty. His results were reasonably in line with previous 
expectations, but this was true largely in terms of direction of effects 
rather than in the presence of statistically significant effects. More 
difficult problems were interfered with noise more than simpler prob- 
lems. Older children were less interfered with by noise than were younger 
children. 

The study also included an auditory noise procedure in which the 
children had to detect spoken words through graded amplitudes of auditory 
noise, four voices speaking simultaneously. Thresholds for noise of the 
second graders were consistently higher than those of the kindergarten 
children. 

The results of the several tests of the method of limits kind of 
procedure were generally positive, in the sense that the procedure yielded 
results consistent with expectations about age, problem difficulty, and 
noise. But the moderate size of these effects, plus the mixed positive 
and negative results existing in the previous work, led to the general 
conclusion that these kinds, of procedures were not sufficicnlly efficient 
for the establishment of reliable findings about noise efiects. Generally, 
all the procedxiros used had provided relatively few occasions for noise 
to have an influence and relatively insensitive performance measures for 
the ascertainment of an effect. If the effects of nois«* on performance 
are mild h,nd intermittent, this would produce the veak-positive kinds of 
effects i-» the run of findingr obtained in this and other research projects, 
but it would suggest that more efficient problem formats would be useful 
for a more intensive exploration of the issues. 
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Morc efficient problem formats would provide a higher density of 
"occasions" across tine^ and night provide for qualitative rather than 
categorical response evaluation. Automated, subject-paced tasks night 
provide the density of occasions. Parallel recordings of response latency 
or other intercurrent psychophysiological activity might allow for a more 
finely graded evaluation of the subject's response. The quantity of data 
all this would produce would require on-line computer data reduction. The 
technology for all this is readily available and has, in some sipnal-de- 
tection laboratories, been regularly used for work with adults. These 
laboratories are, in fact, the najor sourcps for contemporary information 
about interactions of attention, noise, aijfd cognitive processing. At 
present, optimal systems of data gatherir/g have rarely been employed in 
work with children. / 

What has been gathered in the present effort and in related previous 
work appears to be relatively weak and unreliable evidence ^bout sore of 
the significant attentional issues. One can suspect, on present data, 
that children handle noise better a/ they get older (Gollin, IQ^O, lo^l ; 
Walk and Saltz, I965; 'wliite, I966; Turnure, 1967; Brown, 19^9; Mansfield, 
1970). One can suspect that, at any given age, there are trfl.deoffs be- 
tween noise processing and problem processing, so that children might 
handle more complex problems under clearer conditions and less complex 
problems under noisy conditions (vrhite and Mansfield, 19^9; Mansfield, 
1970). 



Age Changes in Conceptual Control During a Word-Association Task 

An important part of the general analysis of attention span govern- 
ing the work of the project came through a consideration of the special 
environmental and procedural conditions that usually seem necessary in 
order to work on tests or games with children. This has been discussed 
earlier in this report and is discussed in V^Tiite (1970). It seemed worth- 
while to try to examine directly what is being managed when special pro- 
cedures are devised for preschool children, and so an attempt was made to 
run a study in which there was somewhat relaxed control of the performance 
of preschoolers. 

A standard experimental format in which differences are often re- 
vealed between preschool and older children is the word association format. 
There have been repeated reports of a "syntagmatic-paradigmatic" difference 
in the performances of younger versus older children; younger children 
tend to give words unrelated grammatically to the stimulus word, while 
older subjects tend to give noun for noun, adjective for adjective, etc. 
In another kind of analyses, the woid associations of younper children 
have been scored cS developmentally "primitive." As early as 1913, Kent 
and Rosanoff in establishing e^rly children's norms for word association 
tests made note of the frequency of ^^idiosyncratic" word associations in 
the responses of preschool children. Over a long history, and in diverse 
ways, the data of word association teats ^ave produced evidence suggesting 
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that the word associations — and perhaps the associative processes 
are different in young children. The alternative possibility, which 
this sought to entertain, vas tha* the attentional processes of youncer 
children caused then to enga/^e in the game of the word association task 
in a dixTerent va/ and, therefore, reflect different cof^nitive operations 
in that game. To put the question in another vay, the issue vas to vhat 
extent, and in vhat vay, could 'performance' problems oi' yoxmger children 
masquerade as ' compe ^ence ' problems • 

Groups of 20 nursery, first-grade, and third-grade children vere com- 
pared in a uniform vord association procedure. The procedure, by des^ip^n, 
did not embody some of the precautions that are usually usetl in testing 
younger children but it proved impossible to do avay >rith all. The mjfijor 
modification of the procedure seened to be that. In general^ it vas df- 
signed to require that the child follov verbal Instructions given at the 
beginning and repeated periodically rather ^han attenpting to have him 
learn the task from training trials or through periodic corrective feed- 
back. 

Under these conditions, the procedure evoked marked^.y different re- 
sponses at the different ages. Each child yas given 30 /stimulus vords. 
Upon completion o* the child's wotocqj, his list of responses vas ex- 
amined an attempt vas made to assifrn a reasonable origiif or so'irce to 
each response. Some responses vere scored as idiosyncratic either be- 
cause they vere multiple? vords or because they vere responses generated 
by some apparent source other than a meaningful connection betveen stimulu? 
and response vords. Our data underestimate the tendency of the children 
to give multiple vord responses. Because of the strong tendency of the 
children to give multiple vord ansvers in pilot vork, ve inserted prompt- 
ir;gs against sucft ansvers into the procedure. The instructions emphasized 
one-vord ansvers rnd subsequently, after the 5th, 10th, 15th, 20th, and 
25th .response, the experimenter said "Remember to tell me the one vord 
that my vord reminds you of." With these precautions the tvo scoring 
categories "Multiple v;ord Including Stimultxs Word" and "Multiple Word 
Hot Including Stimulus Word" accounted for^o.?*? of the vord associations 
of the nurstry school children, 17 • 75 of the first graders' vord as- 
sociations, and 7-3? of the third graders* vord associations. Other- 
idiosyncratic* scoring categories frequently encountered vere "Repetition 
of Stimulus Word," "Pe— everation Relating to Last Response." Responses 
not scorable as Idiosyncratic accordihr to any of the 1? scoring crterories 
vere scored as "Clear" — th^t is, as clear wd associations. The nursery 
school children gave 17fJ Clear responses, the first graders 28?, and the 
third graders 85fJ. 

The datfi obtained in this study vere generally similar to those ob- 
tained typically in vord association experiments vith children, except 
that the yield of clear vord associations vas rather lov for the tvo 
youngest groups of :hildren. One interpretation that might be ^nade of the 
pattern of the findings vould be that the younger chilf^ren could not under- 
stand or maintain the task of the experiment, and this xs consistent vltl) 
the interpretation of younger children's failings in many experiments, but 
^ t^is '•l*'»d of interpretation vould be somevhat inaccurate. 
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An inspection of what happened in this study, and what consistently 
tends to happen in many tests and experiments, is that two dissocir.ole 
aspects of task cooperation er.erged. One is maintained by the child and 
the other is not. The instructions of the experiment set forch a dyadic 
behavior routine and what Milf^rara and Furth have called a "conceptual 
control," The dyadic behavior routine is a rhythmic interchange pattern, 
you-say-scmething-and-then-I-say-somethin^r. The children maintained this 
easily in this experiment as, characteristically, they sustain the rhythmic 
interchange patterns of a large variety of experiments. It is possible 
that the generally rhythmic quality of the procedure sustains them; one 
notices that younc children seem very sensitive to factors of pacing and 
regularity and smoothness in experimental procedure. It is possible, in 
addition, that the gesture pu terns of the experimenter or the apparatus 
acts as a visible mnemonic for them. The "conceptual control" offered 
to the children — that when they say something it is not Just to be any 
old thing but it is to be that which the stumulu^vord reminds you of — 
this conceptutl control was vulnerable. 

The problem here, as in nary experiments, was that children did not 
understand and/or maintain the conceptual control set forth in the instruc-- 
tions. There is an argument that the ability to use a conceptual control 
in a procedure such as this is a late-developing er.ergent in children, but 
an alternative arrunent mirht be that some conceptual c ntrols are more 
costly than others. One might imagine that there are "high load" conceptual 
controls and "low load" conceptual controls. 

If ve look at the sequential responses of the chi. ^ren in the word 
association experiment an interestia^T j^attern emerges. The children hnd 
odd systems for generating words. Gome children repeated the stimulus 
words. A few children vo" \d count to generate their response words, say- 
ing "one" to the first stir^ulus word, "two" to the second, and so forth. 
More than one child adopted a lock-around-the-room system, sayinr some- 
thing like "doer" to the first word, "wall" to the second, "window" to tl^ 
third, etc. V^Tiat ^eems to have happened was that the children uniformly 
understood that th^/ were in a situation in which they had to periodically- 
come up with words in order to play t.ie gar.e. Come could use the syr>tem 
offered by the experimenter to ,'cnerate the words. Some ?ould no - , so they 
generated their own. One has to have some way to find words. Coming up 
with words "randor.ly" is, in fact, rather difficult psychologically. Co 
various children sourht and ^ound varicus conceptual controls of their own. 
One i- tempted to believe that the conceptual controls found by the chil- 
dren were somehow easier to use and sv^tain over time. 
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Some Hypotheses 

Becently, Pascual-L< one (1970) has proposed a rather elephant quasi- 
mathematical scheme to account for the Pl&^^etian transitions in cog- 
nitive cevelopment. He has proposed that children have an '*M-space,^' a 
mental space, and that as children ^rov older their M-space can ac. orrodate 
more and nore schenes and process thor together. One nif;ht arc\ie that "hirh 
load" conceptual controls take up more M-space and "low load" conceptual 
controls less. One nir:ht arf!:ue that noise in the enjlrironnent requires the 
use of part of the child's available M-space that thus, effectively, nakes 
him "stupider." 

As Pascual-Leone has set forth his arrunent, the notion of M-space 
is given as an abstract construct. One reasonable way to interpret such 
a construct would be to see it as a te'^'poral duration, a fixed span of tine 
during which coexisting?: associations, ideas, or schemes can be integrated 
together. If one ar/^uoc that childrcr, beccr.e nuic?er at rackinr V-spnce 
as they grow older — that they become Quicker and quicker at coming up 
vlth a recognition, an association, a word, or an idea (Whl^e, 1970) — 
then the Pascual-Leohe theory would account for a good m.any :)f the rela- 
tions between attention ard cognition so far discussed. 

Continuous increases in speed of ideation with age would lead, in 
the Pascual-Leone theory, to discontinuous, stagelike increments in the 
power of thought. At various points in development, the increm.ental pro- 
cess would bring integrally larger scheme-numbers into M-space and thus, 
"suddenly," thought would seem more powerful. One point of such sudden" 
enlargement might be in the 5-7 age range. 

Increases in speed of ideation could conceivably be developed by 
either maturation or learning. The ueuiI index of maturation of various 
sectors of the brain is taken to be the completion of myelinizati^on. 
Myelinization is known to produce speedier neural transmission anfl this 
could, quite conceivably, be associated with speedier ideational processes. 
Presumably, the broad r^atterns of Piagetian cognitive development are estab- 
lished by the postna^'al embryology of the brain. However, it is a regular 
feature of learning experiments that training increases the speed of be- 
havior. It would not be farfetched to believe that it increases speed of 
ideation. It would be quitt' conceivable in this scheme that localized 
training history could be found to accelerate or impede nonnative trends 
in cognitive df^velopment formed by normative maturational and training 
histories. 

The correlation between neurological indices of maturation and con- 
servation ft und by Gunnoe would find a straightforward explanation in such 
a scheme. It would be expected that children high on neurological negative 
signs would be relatively slow in processing relative to their peers. 

The special problem-solving state ex' Vored in the Ellas experiments 
would serve the function, for" oldc children and adults* of tending to 
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conserve M-space by blocking out space-consxuning distractors . Younger 
children, not forminc such a state, would be expected to be much more 
vulnerable to capacity losses. 

The trends studied in White and Mansfield (19^9) and Mansfield (1970) 
would be rationalized within the Pascual-Leone theory* Noise would be ex- 
pected to trade off af^ainst ability to deal with task complexity by a 
straightforward competition of noise-processing and problem-process inr: 
for linited-capacity M-space, Younger children, processing more slowly, 
would be expected to lose more M-space per distracting event than would 
older children. 

Finally, with regard to the word association experiment Just pre- 
viously discussed, the basic issues of procedural control and conceptual 
control addressed by that experiment would appear to bo interprctable with- 
in the model. That is, one coulrl arcue that the special procedures used 
in experiments with children are necessitated by their special vulnerability 
to the loss of M-srace distraction. And when, in a somewhat "unshielded" 
word-association experiment, the children gravitated towards "lower load" 
conceptual controls this was because a relatively restrictei M-space was 
available to them for direction of their strategies. 

A quick sketch has been given of an analytic system for explanation 
of the mixture of cognitive and attentional issues addressed in the 
project's several efforts. The Pascuol-Leone theory became available ct 
the very end of the project work. Obviously, like any mathematical fonnula- 
tion, the theory will require much further development and attempts at sub- 
stantiation^ V.^iat is surprising and impressive is the ability of the 
formulation to bring into a concistent pattern a variety of data in this 
project, and a rather impressive amount of other existing data on cognitive 
development, speed of processing, and attention* 
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SimimeLry and Conclusions 

Research and literature analysis was undertaken to explore the 
interrelationships anonp: learninf^, attejition, and cognitive change 
in the 5-7 age ran,,e. Project work included: (l) Literature analysis 
of the body of Piagetian reports of cognitive change at the tinf of con- 
crete operations; (2) Cross-sectional studies -of the coincidence of vari- 
ous behavior changes in American schoolchildren as they move from the pre- 
school to the early school yea^s ; (3) Studies of these same chanres as 
they appear in African chijdren living in urban schooled and rural un- 
schooled environments; (U) Studies of these same changes As they appeared 
in a sample of first graders placed in a transition fir^t grade clas3 for 
immature'* children; (5) Ttudies of the developmental correlation between 
neiirological indices and :i?asures of Piaretian conservation; (6) Psycho- 
physiological studies concerned with the ."pothesxs of a human problem- 
solving state emerging in development; (7) Studies of the interaction be- 
tween noise-proceGri ng nnd rrcblem-processing in children's learning; and 
(8) Experimentation and analysis concerned with the interaction between 
performance and com.petence factorn *n contributing to children's per- 
formance in experimental and testing games. 

The body of work was designed in an effort to try to get a better 
overall picture of wliat appear to be some complex conceptual problems In 
formulating the kinds of interrelations that must exist between perform- 
ance, cor.pete..':e, and developmental factors. 

Major conclusions deriving f;^om the work may be states as follows: 

(1) One basis for the ob:^<^ved widespread pattern of changes in chil- 
dren in the 5-7 ranre must be maturational. There is empirical sub- 
stantiation supporting t'-aditional notions of a developmental "readiness" 
for schooling. 

(2) It is unlikely, however, t!iat this readiness should be taken 
solely as a perceptual or cornitive ki/id of readiness. An important issue 
is readiness in terms of perforr.ance factors. A central performance issue 
is" the question of the ability of the children to elaborate and sustain 

a p.'ogram of behavior over t:me. This question is, probably, the kernel 
question in traditional not-"ons about the importance of children's r.tten- 
tiun span. 

(3) For a given problem, there is' probably a trr. i^off relationship 
between age of children's solving and amount of noise in the problem-field. 
The more the noise, the older the child has to be. 

(U) For a given a^e, there is"^ probably a tradeoff relationship be- 
tween amount of noise in the problem-f xeld and the complexity of problem 
that can be handled. The more complex the problem, the less the amount of 
noise that can be tolerated. 



(5) The interrelationships anong attention, cognition, and agf 
envisaged in the coxirse of this effort can probably all be subsumed in 
Pascual-Leone's recent formalization of Piagetien theory if: (l) his 
"M-spece" and "schemes" are placed in a temporal rather than an abstract 
framework; and (2) it is assumed tnat noise-processing and problem*-pi o- 
cessing compete for the child's finite amount of M-space. 
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